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APPENDIX I

INDUSTRY INTERVIEWS AND PLANT TRIPS

I-1.0 OBJECTIVES CF INDUSTRY INTERVIEWS AND DISCUSSICNS

From previcus efforts under Task I of Contract 68-01-3259, it was
‘apparent that the data available concemning PCBs in the paper industry were
sparse at best, and that extensive efforts would be required to gather suffi-
cient information for the model development and interpretation. The gathering
of such information was the major cbjective of all industry contacts during
this work; early in the program industry was made aware of the purpose of and
our approach to the work. Subsequent respanse and cooperation by the industry
were uniformly excellent.

Specific areas covered during the interviews and discussions included:

1) The level of awareness of the PCB problem within the industry;

2) Analytical data (on PCB levels in products and effluents) which
might be available or which might be cbtained and made available
at a later daté;

3) The possibilities and practicalities which bear on treatment of
mill effluents, or on intemal water reuse and purification
systems; '

4) Present trends in treatment technology as the mills prepare for
adherence to the 1977 and 1983 effluent quality criteria;

5) 7he standard practices of sampling and analysis wh.:Lc'h generate
the data base of PCB lewvels in the plants;

6) The similarities and differences fournd between production mills
operating under current bounds of raw material, energy, labcr
and treatment costs; and

| 7) PCBs transport within the plants.
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I-2.0 MEETINGS WITH TRADE ASSOCIATIONS -l o o -
I—Z.l mtifg Wi& MI .- T O

L= T - - In mid-July, 1976, a meeting was held in Washington, D. C. with
: - - representatives of the American Paper Institute (API), the Baxboard Research
- and Development Association (BFDA), the National Council of the Paper Industry
- for Air and Stream Improvement (NCASI), senior staff members from several API
" member campanies, and the EPA Office of Solid Waste Management Programs
"+ ~(CSWMP) .~ The approach to the program, and particularly the PCBs-industry

- model, was ocutlined and discussed in detail. Cooperation and needed informa-
tion were solicited, and plans for the provision of available or anticipated
data were made. All areas noted under Section I-1.0 were covered.

I-2.2 Meeting with Institute of Paper Chemistry (IPC)

On Aigust 6, 1976 a meeting was held with staff members of the
IPC in Appleton, Wisconsin., Jam C. Wollwage, Vice President-Research; Dr.
H. S. Dugal, Directar, Industrial and Environmental Systems Division; Dwight
B. Easty, Group Leader, Analytical Chemistry, Division of Natural Materials
and Systems; Mr. George Dubey; and Mr. Peter Parker (all of IPC) tock part in O
the discussions.

At that time the IPC was performing an in-house study aimed at
develomment of an improved procedure for PCB analysis in pulp and paper mill
matrices. They had attacked the question of PCB partitioning in mill flows and
found PCBsS to be substantive to fiber, associating most notably with the small
particulate constituents (fines) of the pulp/water system. White water high
in fines comter+ is routinely recycled in arder that as much of the fiber as
possible eventually became products since fines have a desirable effect an the
qualities of opacity and surface smootlmess. Econamical use of the raw fiber
requires a minimization of the fines loss. Such a procedure appears to pre-
ferentially associate the major portion of any PCBs with the paper product.

It was also agreed that the PCB concentration in the waste sludge
might reascnably be assumed to be at the same concentration as in the product.

O
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In other words, if the BCB levels in paper product is in the low parts per
million range, PCB levels in the sludge will also be in this range. The
limited sludge data cbtained supports this contention, and at the same time
shows paper mill sludges to be camparable to municipal treatment plant sludges
in PCB content (ranging wp to 23 ppm) (¥4)

The majority of PCBs introduced to papermaking as part of the
wastepaper input were believed by the IPC personnel to be still enclosed in
the gelatin-qum arabic micyroballoons. The micraballoons (10 = 20 microns in
diameter) are known to be substantive to fiber. They release their PCB load
for analysis upon treatment with alcoholic KOH solution. It was not known
what fraction of the incoming capsules may break open, nor whether the pulping
and refining steps may cause breakage, but it was suspected that relatively
few of the micruoballoans would rupture during the papermaking process.

In addition, it was decided that PCBs in intact capsules would
rnot participate in evaporation as "free" or "wild" PCBs may be able to do.
Mass balances done by IPC on some paper mills have given an indication of a
possibility of evaporative losses, but not in large amounts, nor in amounts
which would jeopardize the overall conclusions or credibility of the model
presented in Section 5.0 of this report.

During the analytical methodology work by IPC, small amounts of
PCB used to spike solutions showed significant evapcrative losses. This has
resulted in a stroiag recamendation for the minimization of sample transfers
and handling in analysis for PCBs.

Present analytical capabilities at IPC show detection limits for
papermbeo;lpgnPCBarﬂforsoluﬁ.mstobeO.lppbPCB. Both call for a
trained operator conversant with and practiced in routine PCB analysis.

Interferences an the chrumatogram appear to be removed in good
part by axidation of the sample with chromium tricdde. These interferences
seamed to be peculiar to the types of matrices found in pulp and paper proc-
esses. Attempts to simplify PCB analysis by perchlorination of all PCBs to
decachlorobiphenyl were found to give unsuitable results. This treatment

I-3



—-appé;redto-havecawerbedsaxemn-?@axpamtsofca;bonl&esccpypaper
into a formm which could be incorrectly identified as _PCBs. Q

-: =" Other aspects of the problem and of the IPC program were dis- -
-.cussed in-detail. Many of these are discussed or referenced elsewhere in this -
" repart.’” The results of this meeting served to solidify the approach to the .
- model ‘and the selection of parametric values to be used in exercising the model.

I-3.0 PLANT VISITS . .

' Sevenpapefnﬂ.llswe:evisited&udngthep:ogran;fwrofthese.
utilized between 50 and 100 percent recycled material. The others aither were
campanies known to be very mich aware of the PCBS problem and using some
recycled fiber or mills using only virgin fiber. Short summaries of the trip
reports for these plants are included below. As will be noted, same plants are
not named in these sumnaries. -

I-3.1 Plant A - 100 Percent Recycled Raw Material
Plant A employs approximately 300 people and has a Fourdrinier, Q

twoqum&rmackmmaxﬂa?rmternnw The raw material used is waste~-
-paper which has been sorted, graded, baled and marked by organized paper stock
dealers throughout the Midwest. The most important grades used are reclaimed
‘corrugated containers, mixed papér, newspaper and clippings trimmed from box
shops and converting plants. Much of the stock is picked up in large cities
by campany trucks as return loads after delivery of the finished board. This
re-use of secondary fibre eliminates a large amount of paper tonnage being
sent to landfill or incinerated. In 1971 85,000 tons of wastepaper were re-
claimed through this plant. L —

'Ihebaswproductmamxfacturadfmthewastepaper;spaperboard
'ﬁﬁspmductisusedfarmstodc,tubestodc wrapper, carton, paper bax,
book bindings, and glcbe stock.
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Pulping, Cleaning and Refining

The first step in converting paper stock to pulp is called
hydration; machines called hydropulpers are used. These are large tubs with a
rotatingdiscinv;lhidm'thedxypaperismiaoadwithwamorhotw'ater. Chemicals
may be added to aid in the dissolving process and to destroy any bacteria which
may be present. Most of these machines coperate on a continucus process. As
socn as the fibers are dissolved fine enough to be extracted through 1/8" holes
they are screened off.

The various cleaning and refining processes which follow pulping
are typically a spin-off to remove light particles of foreign material, and
settling to remove heavy dirt. In addition, there are several systems of
mechanical screening to remove coarse or undefibered bundles and dirt. Not the
least important is a treatment of high pressure - high temperature steam fol--
lowed by a refining process for the purpose of breaking down foreign materials
like pitch, wax, or asphalt which may be found in the wastepaper.

After the paper stock is cleaned and defibered, it is stored as a
liquid suspension in large chests. Befare going to the paper machine the stock
is again refired or "brushed ocut" in machines called Jordans or Refiners, mixed
to an exacting consistency with water and screened one last time.

Pzrexmaking

Plant A employs both Fourdriner and cylinder-type paper machines.
The latter employ cylinders covered with fine mesh wire to extract pulp from
the slurry stock onto the surface. The material is then deposited in thin
layers (cne from each cylinder) to form the wet web. After all the cylinders
bave deposited their caontribution of fibers, the wet web of paper is pressed
to remove excessive water. Each pair of press rolls gradually increases the
pressure until the wet web is dry enough and strong enough to support its own
weight when it leaves the press section.

The Fourdrinier machine employs a long wire belt for formation
of the wet web. Paper stock is fed onto the moving wire through a sluice fram
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. - a headbax, and, in contrast with a cylinder machine, the web is made up as a

-contiguous-single layer. Over a relatively short distance enough water drains O

ﬁa:m:ghthewirebygrav;tyaﬁbypassmgcversucttmbmmﬂzatthematcan
leave the wire and pass anto a felt where pressing begins. -

: - _-Allmachﬁmaplayalbngsecticnofmxysteanheatedcylindri-
--cal dryers.. As the sheet leaves the wet end after all possible moisture has
been removed by mechanical pressing; the remaining excess moistire must be
removed. by evaparation. The sheet of paper passes over all of these dryers

.. which eventually produces a dry sheet to custamer specificatians.

| ‘~- - The last step in the actual paper manufacturing is calendering
or pressing for the purpose of abtaining a uniform finish and thickness. Also
at this station it is possible to apply surface sizing or other forms of coat-
ing ar stain.

After passing through the calenders the paper is wound anto
reels to be rewound and trimmed to meet size orders. If the custamer wants his
paper in flat sheets, itisnmdirectlyf.runthepépermad'xinethmugha
sheeter. Ineitherczse,menthepaperisfuushedltlsbanded wrapped,
labeled, and weighed.

A substantial amount of the total production of Plant A .is sent
to a converting plant for further processing. Most of this processing consists
of slitting wide rolls into narrow widths to be used for winding into cores
and tubes. This plant also performs cutting from rolls into sheets, precision
trimming of sheets, and laminating. ‘

I-3.2 Plant B - 90 Percent Recycled Raw Material

General Description

: . This plant is a major manufacturer of tissue items, producing
800 tons of facial tissue, toilet paper, napkins and paper towels per day.
Approximately 90 percent of the raw material required is supplied by waste
paper, which is a slightly higher percentage than most other tissue mills.

I-6
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Plantpe;:'scnrelsuppiiedazepcrtmpcssgmeratedbyt}min
1975. The concern for effluent water quality dates back to the establishment
of a primary treatment system in conjunction with the start-up of a deinking
process in the 1930's. The secondary treatment system was put into operation
several years ago, prior to the regulations governing suspended solids. A
tertiary process is in the development stage at the present time. PCB measure-
ments were bequn in-house during 1975. Data an PCBs content of products prior
to 1975 have been cbtained and are repcorted elsewhere.

Characterization of Raw Material

Althouwgh most of the raw material for this plant is wastepaper,
less than 50 percent of this is classed as post-consumer waste; in other werds,
most of the returning paper stock has never been previcusly recycled. Office
wastepapers of the ledger grades are removed from the incoming stock, but a
quantitative screening of all retuming paper stock is impossible fram an
econcmic standpoint. As shown by industry data and the modeling effort in this
report, even a few sheets of the carbonless copy paper can have an cbservable
affect on PCB concentrations in a single day's output.

Office wastes in general d not make a desirable paper stock,
since many office paper products contain binders, colorants or other minerals
that are difficult to remove and cause problems in the papermaking process.
These wastes are purchased by the mill primarily to assist their paper dealers.
'meydobemmreinportantduﬁngperiodsofsrnrtpapers@d{swply.

Effluent PCB lewvels

PCB concentrations in clarified mill intake water were less than
0.1 ppb. Measurements of deinking, mill and cambined effluents were reported
to range fram 0.3 to 2.7 ppb.

In-Plant Vaporization Estimate

The plant has performed a water mass balance on its paper
machines. 2An average of 570 gal. per ton of product was lost. Assuming the
production of 800 tons per day and a water concentration of PCBs (excluding
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PCBs bound to fines and assumed not to evaporate) of 0.1 ppb, evaporative losses

would be 0.00038 pounds of PCB per day or less than 0.15 lbs/year. This is O
probably an undetectable loss if direct measurement was attempted. >

I-3.3 Plant C - 80 Percent Recycled Raw Material
Pulp Generation

Pulping is a batch process at this plant. Wastepaper, accounting
for about 80 percent of the raw material, is added to pulpers #3 and #4 to-
gether with hot water and caustic scda. Steam jets raise the temperature to
about 185°F and deinking contimmes for about 1.5 hours. After deinking, the
stock fram both pulpers are dumped together yielding a stock slurry of about
7 percent consistency. From here the stock is passed through a cne inch bar
screen that removes large contaminants such as string and rags. The pulp is
now purped to a holding chest.

Manually cperated valves determine the quantity of stock dis-
charged from the holding chests through two 1/8-inch screens. The accepts here
have a concentration of about 4.5 percent, and rejects from the screens are
trucked to a landfill. Accepts are stored in another holding tank. O

Upon leaving this tank, the stock is diluted to about 0.7 per-
cent solids and run through centrifugal cleaning to remove fine cantaminants.
Accepted stock is now directed to a screen with 0.010 inch slots. Accepted
stock from this screen pumped to two slope washers that have counter-stock flow
of water. These washers are arranged in series with the second one increasing
the stock cansistency (solids concentration) to about 5 percent.

At this point the stock is pumped to two washers set wp in
parallel. The washed stock, with a consistency of about 2 percent sclids, is
paped to a storage tank until the chlorination tank is ready for a new batch.
Water for the washers canes from the slope washers.,

During chlorination, chlorine gas is pumped into a tank holding
the stock and allowed approximately five minutes retention to react. The stock
batch is then pumped towards a vacuum washer. However, before it is washed,
sodium hydroxide is added which reacts with any residual chlorine to fomm

O\
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sodium hypochlorite to augment the bleaching process; the final pH is 9. The
bleached stock is sent to retention tanks.

The stock pulp is sent to a vacuum washer to remove materials
made soluble by chlarination. This wash water originates fram the paper machire
water supply, the white water. The filtrate frum the washing process is pumped
to the slope washers which conditions the new batch for chlarination by reclaim-
ing the chemicals and also reduces the amount of water used. The stock pulp
now has a consistency of about 5.5 percent. Upon leaving the washers, the
stbd{pulpisgmpedmhighdensitystoragewﬂstomit&zepapenmdng
operation. : g

This mill also has a separate pulping system for virgin pulp and
pulp substitute. However, both virgin and substitute pulp are blended with
the wastepaper stock pulp. Here, chemicals are added to develop better fiber
bording strength.

Papermaking

Fram the storage tanks the stock pulp is diluted to about a 0.3
peroent consistency and pumped to the headbax. Prior to entering the headbax,
the pulp is rewashed, rescreened and run through a three stage centrifugal
cleaning system. Much of the water used in papermaking is recycled. Excess
white water is stored to be utilized in various operations in the mill.

The sheet is pulled through an a felt belt and dried. The speed
that it is pulled through requlates the strength of the product. Thickness is
governed by this speed and by slicing the sheet off the belt with a doctor
blade. Several plies are then rolled together to produce a paper of desired
specifications.

Water Source and Effluent Treatment

Plant C uses mumnicipal water which is believed to be relatively
low in PCBs. The intake volume is about 1.5 million gallons per day.

'rhedisd'zarges'fmplantcmexawetwell from which the
wastewater is screened and sent to a campany-cperated treatment plant.
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* Treatment consists of primary clarification and a two-stage activated sludge )
system. -The treatment plant effluent ig discharged to the Fox River (mid- O
stream).

I-3.4 Plant D - 50 Percent Recycled Raw Material -

Plant D is a major recycling operaticn. Six grades of wastepaper
(e.g., office and foodboard) are the major constituents of the raw materials
utilized to produce acceptable deinked pulp stock. This accounts for approxi-
mately 50 percent of the required pulp with the remaining being campcsed of
purchased virgin pulp and pulp substitute. There are essentially two pulping
systems - ane for wastepaper and deinking and the other for the virgin and
substitute pulp.

Pulping and Fiber Recovery '

Here, wastepaper is mechanically broken down with hot water
(about 190°F), caustic soda, surfactants and deinking chemicals by means of a
ritbed rotor at the bottom of the hydrapulper. Much of the heavy waste such
as metallic cbjects and plastic sheets are collected in traps at the bottam of
the pulper. At this point, the pulp stock has about a 6 percent consistency
(consistency being the percent solids to liquid).

The deinked pulp leaves the hydrapulper through perforatad plates
axdisgmpedtoblaﬂipgdx&stsforadditionalretentimtineardagitatim.
The pulp now has about a 2.5 percent consistency. Upon leaving the chests, the
pulp is passed over a filter that recovers the cocking liquor in the filtrate.
The filtrate is reused in the pulper to recover the heat and residual chemicals.
Excess washer water is reused for cther operation dilutions. Water is exten-
sibly recycled in the deinking operatian.

' The pulp is now sent to centrifflers, which are centrifugal
cleaning devices for removal of pins, staples, and cther heavy particles. The
accepted pulp has a 2 percent consistency and it is sent to a centrisorter
pressure screen. Accepted stock from the pressure screen goes on to washing
while rejects are passed through a deflaker and then acrcss a scxreen for
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The pulp then enters a four-stage counter-flow washing system.
The first stage consists of 2 cylinder washers, the second and third stages
cnsist of sidehill washers, and the fourth is ancther cylinder washer. The
cleanest water is used for dilution at the fourth stage and the filtrate is
fed to the preceeding (third) stage. This filtrate is then used in the second
stage and its filtrate in the first stage, where the filtrate is discharged to
waste treatment. The water in the washing process originates from the dis-
charge of the paper machine water, white water, and the acid and alkaline
bleaching water.

Following washing, the stock is bleached with chlorine, followed
by treatment with caustic and then hypochlorite. The next treatment is a
three—-stage pressure screen system. Accepted stock pulp fram the first stage
pressure screen then goes to a five-stage centrifugal cleaner system for
removal of small heavy contaminants such as ink. Those fibers rejected are
replaced in the centrifugation scheme to concentrate the contaminants and
unacceptable pulp, and to reclaim as much of the shunted acceptable pulp as
possible. Following this is a four-stage system of centrifugal reverse
cleaners for removal of lightweight contaminants such as plastic fibers and
adhesives. After the cleaning system the stock goes to the final washer for
thickening and storage in high-density towers. The water removed by the
thickening process is reused in other washings and in the bleachery.

The above description for secandary pulp supplies 50 percent of
thematerialsrequiredtqneetﬂxeaxrrentdenandofplantD. The remainder is
camposed of purchased virgin pulp and pulp substitute. Both are warehoused in
solid form and repulped in their respective hydrapulper, using recycled paper
machine white water. This pulp is then pumped to storage chests until needed.
Fran here, the pulp is sent to refiners for fiber shortening and fibrillation
to enhance greater bonding capacity.

Fram the refiners the pulp is discharged into a pipeline that
contains the secandary pulp for blending of the types. After sufficient time
to ensure homogeneity, camponents such as clay, titanium dicxide and alum, to
name a few, are added to the stock pulp as it moves to the paper machine.
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Papemmaking | e
- . - Stock taken from the high density storage tanks is diluted and-
ptmdtoﬁnepapemakmgsystan Here the stock volume is controlled to .
insure a canstant head level. By operating under a known head, the texture .of
the pulp sheet falling on the Fowrdrinier remains the same throughout the
The endless mesh belt of the Fourdrinier effectively drains .
encough water fram the pulp slurry to permit the fibers . to make a sheet called
the wet web., Much water is recycled during papermaking operations. Since
this water is falling from the bleached product, the pulp imparts a white color
on the water and hence is called white water. Because water is continually
being added here, there is an excess cverflow. This surplus water is stored
and used to supplement the water diluting the deinked stock. Several hundred
thousand gallons of water escape each day due to evaporation while the paper
is being pressed and dried. When the pulp leaves the headbox, it is 99 per-
cent water; after passing through the presses, it is about 60 percent water,
and after the driers, only about 5 percent moisture remains. This is the per-
cent moisture of the rolled product.

Intake Water and Wastewater Treatment

Since the product color and camposition is highly important, the
water used throughout the operatioms necessarily should not contain any sus-
pended contaminants that are able to be removed. Therefore, this mill has a
treatment facility for intake water, utilizing flocculation with alum and lime,
addition of algacide, and filtration. The filter is camposed of the following:
top layer - 8 inches of coal; m:i.ddle.layer-Zfeetofsand bottam layer - 2
feet of crushed stone.

Currently, this mill only has primary treatment, a clarifier.
The present system has about 90 percent SS removal but only about 25-30 percent
CBD reduction. The effluent from this clarifier is being discharged to the
Fox River. The average flow for 1975 was 3.9 M. This volume can be broken
down as follows:

I-12
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2.5 M fram deinking

.9 M3 fram papermaking
«3 MGD fram water plant

.2 M3 disposal plant and misc.

Under construction now at Plant D is a 2-stage activated sludge
system. Preliminary investigations on this type of treatment facility for pulp
and paper wastewater discharges indicates that this system is very effective
at further J:educmg the SS levels and g:eatly reducing effluent BOD.

- —— - —_— —————————

Clarifier sludge cxnta:.ns 10 percent solids and:.sfurthercm—
solidated in compaction tanks to a 12 percent solids level. The sludge is
furthered dewatered to 28 percent solids by lime addition and subsequent
vacam filtering. The filtrate is retumed to the primary clarifier and the
dewatered sludge is trucked to their private landfill.

Landfill Operations

The campany has opened a new landfill which covers about 18 acres.
Preliminary geclogic investigations revealed a solid bedrock fourdation. The
area is encompassed by a man-made camwpacted clay dike, effectively eliminating
any surface runoff from the landfill.

Concern for groundwater contamination resulted in the construction
of monitoring wells. merga;pearstobeMlaye:sofgmmdvaterseparated
by a clay table. When completely filled, the landfill will be slightly dome
shaped with a 2 degree slope.

I-3.5 Plant E - Less Than 50 Percent Recycled Raw Material

General Description

Plant E is basically self-contained, i.e., it produces in-house
nearly S50 percent of their fiber requirement by chemi-mechanical treatment an
hardwoods. The remaining 50 percent is composed of purchased bleached kraft
pulp from Canada and cother U. S. sites and such items as foodboard, cups, and
IBM cards. No carbonless paper is utilized., Production is between 300 and 400
tons per day.
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- Product PCB levels fram Plant E have consistently remained below
5 pom proscribed by FDA. Effluent levels of PCBS are also apparently lower
than most of the industry using reclaimed fiber, probably because of efficient
raval of suspended solids in the waste treatment systems,

Pulping —_

- - Plant E uses chemi-mechanical pulping, virgin pulp from purchased
- hleached kraft-pulp, and secondary pulp from wastepaper. Each operation ocauxrs
in a specific pulper and the stock is blended later according to product speci-
fications. The virgin pulp slurry is generated by cnly adding hot water while
the secondary pulp requires hot water plus caustic soda plus hypochlorite bleach-
ing powder. Both virgin and secondary stock pulp are not stored but directly
mixed with the chemi-mechanical pulp stream. Plant E is a contimous operation,
ard all grades of pulp are being used simltanecusly but only that from the
chemi-mechanical system is allowed a detention.

Blending of pulp grades occurs in machine chests, each having a
different percentage of the grades depending on the eventual product. It is
just prior to these chests that cther additives such as clay and other fillers
are added to provide the required paper characteristics.

]

Papemmaking:

Each pulp stream is passed through similar machines, with all
machines having an additional coating step. The stock pulp enters the Fourdriner
to produce the wet web, approximately 19 percent of the water content is voided
here (in other words the web's consistency incxeases from 0.5 to about 20 per-
cent) .- The wet web is then drawn through a series of presses to further remove
the water. -The majarity of the remaining moisture is removed by drawing the
sheet through a series of dryers. Final moisture is about four percent.,

Following the drying operation, the sheet is passed through
rollers to smooth it and produce a uniform thickness. It is then rolled,
trimmed, cut and warehoused. Scme cut ralls are sent directly to a specification
cutting section for high-demand dimension consumer products (a sizeable fraction
of the total production is used for telephone books) . '
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Waste 'l‘reament

This plant utilizes two waste facilities; a fluidized bed incin-
eration for spent liquar in the pulp mill cperation, and a wastewater treatment
plant for water used in the papermaking process plus excess wash water and
associated solids fram the pulp mill.

The chemi-mechanical pulp mill effluent with a 6 percent solids
content is sent to an evaporator where the scolids content is increased to about
45 percent. The liquor, now a syrup, is placed in the incinerator operating at
approximately 1300°F, and the remaining moisture is flashed off allowing the
organics to be volatilized. At the bottam of the unit, air jets keep the ash
in motion (fluidized). Therefore, pulp mill activity is a closed system with
no effluent, and the excess ash is trucked to a landfill.

Wastewater currently receives anly primary treament J.n two
parallel clarifiers, but removal of approximately 96-98 percent ofthesus-
pended solids is achieved with 40 - 50 percent BOD removal. A new secondary
treatment system will begin cperaticns in the near future. Overflows from the
clarifiers will be cambined and discharged to the secondary treatment reactor,
which is a closed, oxygenated, three-segment tank. Effluent from the reactor
is then sent to a settling tank and after a determined retention time the
supernatant liquid is discharged to the Fax Fiver. The new system is designed
to handle 6.5 mgd with a three hour retention. The mill has recently reduced
its water requirement from 8 mgd to 6.8 mgd in preparation for the secondary
system.

The sludge will be removed with same of it reused as seed in the
oxygenated reactor tank while most of it will be dewatered to about 22 percent
‘solids by a vacuum filter. This waste sludge is presently deposited on a land-
£ill. There is no monitoring for groundwater contamination at this time.

' Management is currently commmicating with other mills that may
be able to use their sludge as it contains a high fiber concentration that can
be used for other paper products. ’
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—_—c I-3.6 Crown Zellerbach Research Laboratory and Camas Mill

- - -- - - A meeting with Dr. Hemman R. Amberg, Director of Envircrmental
- Sexvices for Crown Zellerbach and members of his staff was held on June 29,
1976, at the Central Research Division in Camas, Washington. Crown Zellerbach
- hag a mmber of mills which range fram total use of virgin fiber to camplete
- dependence ‘on secandary fiber. Since most chemical analyses are done at the
Central Research locaticn, it was felt that the question of analytical

- -accuracy- could be de-emphasized and relative differences in PCB concentraticns
assessed.

- - CZ analytical detection limits for PCBs in paper were routinely
1 ppm and are apparently dropping under continued attention to details of the
analysis. Same data had been taken as far back as 1971. A mumber of impaortant
points were discussed: i
1) No measurable PCBs had been fournd in virgin wood.
2) EBExhaustive sampling and analysis had failed to identify
any PCB generation during the pulp bleaching stages.

3) Process chemicals were surveyed to identify any sources
of PCB and nocne were found.

4) Data would be made available through API.

A tour of the Camas Mill, which makes specialty papers, was taken.
This mill used virgin pulp, a small amount of purchased pulp, sawdust and wood
chips from surrounding sasnills as its raw material. Inputs of PCB were there-
fore limited to that ocourring in the intake water.

I-3.7 Weyerhauser Campany

n June 25, 1976, Dave Morris and Ted Ross of the Weyerhauser
Corporate Engineering Department at Tacama, Washington met with a Versar rep-
resentative. Mr. Ross had previously been involved with EPA cantract work
which related to effluent gquidelines for the pulp and paper industry and both
were following PCB-related matters.
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WeyerhaiSer's paperinakisiq 185 dpératicns are based an a 100 percent
virgin fiber raw material. As a result, it was believed that this mill would
only encounter PCBs that were associated with the intake water, or as a result
of intermal PCB uses in transformers or capacitors. Contingency spill plans
were set wp in every mill; transfarmers containing PCBs were diked and
menitored for any signs of leakage. : ’
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1.0 EXBCUTIVE SUMVMARY
1.1 Historical Background

In 1966, Soren Jensen reported the presence of PCBs (polychlorinated
biphenyls) in Swedish fish and wildlife as a result of a study begun in 1964.
The Food and Drug Administration began, in 1967, a program to develop analytical
techniques for PCBs. During this period concern about PCBs in food ard in the
envirorment of the United States was increasing. In 1969, FDA alerted its
Districts to expect PCBs in food samples, and to analyze for PCBs in foods
sampled for pesticide analysis. Findings of PCBs in fish, milk, eggs, and
poultry samples occurred throughout 1969 and 1970.

In August, 1971, a significant level of PCBs was found in a grain and
cereal camposite of a Market Basket sample by FDA in their Total Diet Studies,
and the contamination was traced to the greyboard packaging of a cereal. According
to FDA (supporting data for Press Briefing by Dr. C. C. Biwards, September 29, 1971,
the highest PCBs level found in greyboard was 433 ppm. FDA met separately with
the American Paper Institute and with food manufacturers in September, 1971 to
inform them of the PCBs problem in foodboard and to discuss approaches to its
solution.

By the end of September, 1971, all concerned parties appear to have
agreed that the major source of greyboard contamination was recycled carbanless
copy paper which was known to contain PCBs. Production of this material had
ceased as of June 1, 1971, but recycling was contimuing. In the same time frame,
Monsanto Industrial Chemicals Co., essentially the sole U.S. producer of PCBs,
announced cessation of sales for all but closed electrical systems (capacitors
and transformers) applications.

On July 6, 1973, the FDA issued its final rule-making document on
tolerance levels of PCBs in variocus foods and paper food-packaging material (10
prm for paper food-packaging). By this time the paper industry had succeeded in
reducing PCB levels in food-packaging materials made wholly or partially from
recycled fiber to well below the FDA tolerance limit. This appears to have been
accamplished through more judicious selecticn of recycled fiber for foodboard
manufacture, including:



- LT T{1) Cessation of use of cutting scrap from office form production S
- - —  (where carbanless copy paper content could be very high); and . O
- @) Limitation or selectivity in the use of office waste for _ :
foodboard production. o -
g - " —~ Levels of PCBs in foodboard have generally continued to decline since
T 1973 to'a cuxrent level of less than one ppm, except for occasional "hot spots”
resulting in levels of up to five ppm. These "hot spots” are generally attributed
I-  -to the inclusion of significant quantities of ocutdated office files containing
: carbonless copy paper. PCB levels in other paper products are also in the cne
Pem or below range; those made from virgin pulp, of course, exhibit by far the
lowest PCB levels.

1.2 cCarbonless Copy Paper

~ Aroclor 1242, a mixture of PCBs containing an average of 42 per cent
chlorine, was purchased fram Monsanto and used in carbonless copy paper as an
ink carrier or solvent during the period 1957-1971. The total amount used for
this purpose was 44,162,000 pounds, approximately 28 per cent of the total
estimated Monsanto sales for plasticizer applications and 6.3 per cent of O
Monsanto damestic sales of PCBs during 1957-1971. The average cpntent of Aroclor
- 1242 in the carbonless copy paper was 3.4 per cent. '

The National Cash Register Campany (NCR) was the developer and sole
marketer of the PCB~containing carbonless paper, although Appleton Coated Paper
(0., Appleton, Wisconsin; Mead Corp., Dayton, Chio; Cambined Paper Mills,
Cambined Iocks, Wisconsin; and Nekoosa-Bdwards Paper Co., Port Edwards, Wisconsin,
at ane time or other performed the actual production urder license from NCR.

The Aroclor 1242 was used as a solvent for certain color reactants which
were encapsulated into microspheres producing aggregates 10-20 microns in diameter
and applied to cne side of the paper during the coating process. The walls of the
microspheres were an aldehyde-hardened gelatin-qum arabic forrmlation which ruptured
ard released the dye under application of local high pressures as fram pens or
pencils. In 1971 alkyl-biphenyls were used as the dye carrier in place of
Aroclor 1242. )

O
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It should be noted here that PCBS, primarily Aroclor 1254, were used
to a limited extent in printing inks. The total usage in this applicaticn is
estimated at 50,000 pounds, primarily in the 1968-71 time frame. No other actual
or potential usage of PCBs in paper product or usage besides the copy paper and
these inks has been definitely identified to date.

1.3 PCBs in Paper Mill Effluents

It has been recognized for several years that effluents from paper mills
contain envirommentally significant quantities of PCBs. The PCBs in these waste-
water streams are generally more similar to Aroclor 1242 than to any of the other
Arcclors or to PCBs found in the general environment and biota (which tend to
exhibit chromatographic fingerprints corresponding to higher chlorine contents
than 1242). Thus, although introduction of PCBs into paper-making processes
through process water usage undoubtedly occurs (PCB levels at water intakes of
paper mills average about 0.1 ppb), the major source of process contamination by
PCBsappearstobecarbonlesscopypapercmtamedmrecycledvastepaper

Ammberofpapermlls,mresponsetotheneedformmvermtofwater
quality, have installed or are now installing waste treatment processes which are
expected to greatly reduce the BPCB levels in their effluents. However, these
levels may still be typically above the cne ppb level proposed by EPA cn July 23,
1976 as an effluent standard for capacitor and transformer manufacturers, and the
quantities of wastewater fram paper mills are generally much larger than fram such
equipment manufacture. In addition, sludges or concentrates from paper mill
water treatxentmybeéufficientlyhigh in PCBs as to warrant concern about pro-
per disposal. e

The magnitude of the PCB control problem is illustrated by the existence
of 230 paper mills producing pulp campletely derived from recycled wastepaper and
550 other facilities utilizing same fraction of secondary fiber in their pulp
production (typically 10 to 15 per ‘cent). Recycled wastepaper amounts to
abouthllmntmsperyearasap;lpsoume,thudminportametolewood
and forest product wastes.



1.4 Purpose and Cbjective of the Reported Work - .- -

-- The purpose of the work reparted herein was to bring together all . O
relevant information and data concemning PCBs in the paper industry, and to
interpret these data with regard to present and future environmental significance.
Specifically, the report addresses the sources, transport and release of PCBs
throughout the paper industry; the historical perspective and projected future
impact of PCBs usage in carbonless copy paper; and a preliminary account of
technology and costs associated with abatement of PCBs in paper mill effluents.

The data abtained on intake and effluent PCB levels, on paper recycling statistics,
etc., fram industry and other sources are also discussed.

There appears to be general agreement that the entry of PCBs into the
paper industry was campletely unintentional, that the industry responded well to
the need for reduction of PCB levels in food packaging, and that waste treatment
systems for suspended solids removal (albeit installed for purposes other than
FCB control) will significantly reduce PCB discharges fram the industry. Never-
theless, contimuing and increasing concern by the public and by state and federal
agencies regarding envircnmental and human health effects of PCBs, including con-
tamination of food packaging materials as well as PCBs in wastewater, have repeatedly
focused attention on the paper industry, much to the concern of that industry. é
The cbjective of this report is to present the actual situation, as accurately as
possible, in order to serve those who must make regqulatory decisions potentially
affecting a valuabhle rescurces recovery industry. -

The concern of the industry was reflected in their excellent cooperaticn
with the project. Cooperation and support from federal and state agency personnel
were also uniformly excellent. However, it should be noted that, in general,
there was a scarcity of data in several relevant areas, particularly historical
data prior to 1975; this was the major limitation to the accuracy and campleteness
of the results obtained. Results of industry visits are presented in Appendix I.

1.5 Major Results of the Study

Since 1971, when NCR carbonless copy paper was no longer manufactured with
a PCB dye solvent, PCB concentrations in paper products, effluents and sludges
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have shown a precipitchs decling, ‘The former are now in the 0-1 ppm range for
nmost products tested. Effluents have dropped as the result of better suspended
solids removal in campliance with BPCTCA and approaching BATEA requirements.
Sludges seem to have approached the range of <1 to 24 ppm PCB canmon for mumnicipal
treatment plants. The driving. force has been the reduction in NCR carbonless
forms being recycled, and the final disposal by incineration or landfilling of a
large annual fraction of the paper industry's ocutput. The present 19% recycling
rate shows that 81% of the anmial production is not available to be recycled and
carries its PCB load to the landfill or the atosphere (via incineration of wastes).

A search for evidence of "pulses” of BCB as old files are recycled failed
except an a cne-mill/one-day basis. The 40 million pounds of PCB put into the
carbanless copy paper has been routed through the wastepaper stream each time
losing 80% of the previcus year's mass, and being further diluted by virgin wood
palp and forest product residue pulps. As of 1976 the average product concentra-
tion as well as influent and effluent levels had all fallen to the point where
the sensitivity and detection limits of the analytical methods for measurement
required improvement. meFDAreportedn)adec:reasefmnls.Bppninrecycled
(food packaging) paperboard in 1972 to 1.4 ppm in the same material in 1974.

-

As the introduction of PCB has decreased in the recycled waste paper
stream, the fraction of product PCB arising fram the input water has increased,
Mtthisccntrimumdoesmtappeaftobesignificant at present. For a 0.1 ppb
intake water concentration, total removal to the pulp will produce (in a paper
requiring 13,000 gallons per ton) a PCBs concentration of 0.005 prm. As an
example of just how directly the effect of the carbonless copy paper acts, the
same concentration (0.005 pam) would result from the PCBs found in 0.14g of copy
paper ... less than ane 8 x 10 inch piece.

The historical perspective shown by cur mathematical model, and validated
by the available data, show PCBs in paper mill effluents and product to have passed
a maximm in the 1970-1971 period and to be continmuing down to pre-1957 levels under
the influence of declining amounts of PCBs in the recycled waste paper stream and
the low effective concentrations found for intake waters.



be substantive to fiber; that is, preferentially associated with the fibers ratherO

- than the water-in which they are carried. Highest PCB concentrations in fiber

slurries are associated with the smllest fiber particles, the "fines", Econamical
utilization of the fiber requires it to be exhaustively recycled in attempts to

- associate it with the paper being manufactured. Fines control porosity, surface
- finish and affect Exrightness of the product. Discharge of PCB from a typical
.mﬂlﬂmsappea:stobepﬁmrﬂybymgofthesuspaﬁedsohds.'mmvalof

suspended solids accamplishes PCB removal, and a consideration of the high surface
to volume ratio of the smller particles shows why they are the cnes that need
to be removed for a low PCB effluent.

A contimied trend of increased water recycling is exhibited by the
industry, for the purpose of minimizing external treatment costs as well as re-
covering chemicals, heat and raw material from process streams. This has culminated
in the design and construction of a totally process-effluent free bleached kraft
pulping mill in Canada. Only non-contact cooling water will be discharged.

New end-of-pipe treatment systems, such as the Zum-Attisholz 2-stage activated
sludge system installed by Wisconsin Tissue Mills, offer promise of significant O
reductions in BOD and suspended solids/PCBs. Cost estimates for carbon absorption
treatment (end-of-pipe) range from $886 to $1227 per pound of PCB removed.

Same data exists to show net removal of PCB from an intake water as
evidenced by a lower concentration in the effluent. The paper-making process in
such a case is withdrawing the PCBs from the enviromment and stabilizing them in
the much less mobile paper phase. Of course, mumerous routes whereby these PCBs
can became remobilized (in air or water) are available.

- It is believed that essentially all of the Aroclor 1242 used in carbon-
less copy paper has been released to the enviramment (assuming negligible degrada-
tion). At the present time more than half can be attributed to landfills and the
remainder dissipated. In a sense, these PCBs were mobilized upon the initial
production of the paper, and their passage through paper mills merely resulted in
partition between the accepting media (water, air, solid wastes, products).

O



2.0 PROCESS TECHNOLOGY OF THE PULP. AND PAPER INDUSTRY

2.1 Background

Pulpandpapermanufact:.mjngconsistsoftwodiétinctprocesses.
Pulping is the reduction of whole wood or waste paper into a semi-liquid
fibrous mass, while papermaking consists of foming discrete fibers into paper
sheet or paperboard. 'erecanalsglﬁeancillaryopemtimswhichpmvide
special features such as coloring, coating and backing.

The processes require four basic raw materials: fiber, water, energy
and chemicals. In contrast to the earliest mills, newer mills may be located
sare distance from their fiber scurce, especially in the case of recycling-
oriented mills where proximity to fiber means an urban center rather than a
forest. The water requirement is definitely being reduced in magnitude as
recycling methods are being developed within the industry. The recycling has
the benefit of assisting in meeting more stringent discharge criteria as well
as recovering chemicals from process waters and meeting energy needs by re—
covering energy from organic wastes.,

The wood used in pulp and paper manufacturing is called pulpwood. It
can be either hardwood from deciduous broad leaf trees, or softweod from con-
iferous or needlebearing trees. This categorization reflects the proportion of
cellulose to lignin (the substance which holds the fibers together). The supply
arrives at the pulping facility as logs, chips made from roundwood, as sawdust,
slab or chip residues fram saw mills.

In traditional logging practice, the central portion of the tree was
utilized in the pulping mill requiring a removal of the bark from the log.
Mechanical debarking or hydraulic mear- are used with the bark often collected
and burned as an energy source.

2.2 General Pulping Techniques

Regardless of the type of process involved, the basic abjective of
pﬂpingistoredzcethemodmmm—modyfibmusmterialsbympwringthe
bonds between the fibers of wood. This task entails either cocking the pulp-
wood (using suitable chemicals) in a digester under controlled conditions of



tenperauue,andpresmorredmux;tremodmfibersbymdmucal -

2.2.1 Mechanical Pulping -

. Mechanical pulping, sametimes called "the groundwood process,”
cperatesbyned:amcalmms,gemmnyusmgelﬂxeralargegruﬁsmora
machine called a "refiner®. The present methods of mamufacture do not differ in
principle from that of 1867, though the size, capacity and form of the grinders
have undergone much change. In all equipment the logs of wood are pressed against -
the face of a rapidly revolving grindstone in such a way that the length of the
log is parallel to the shaft holding the stone. In the older grinders, logs two
feet long were placed by hand in pockets attached to the grinder frame, and were
forced against the stone by pressure plates operated hydraulically . Usually there
were three pockets an each stone so that ane could be opened, filled with wood,
and put back into cperation without shutting down the entire grinder.

Modern grinder installations are very different in appearance

fram these old ones, and operate much more efficiently. Continuous magazine
grinders have been developed, in which the logs are fed into the grinder on cne O
floor and dropped down through the magazine to the pockets of the grinder on the
floor below. Such grinders are usually installed in pairs driven by a motor which
may rate as high as 4000 horse power and have a turning speed f£ram 3,500 to 5,000
I,

The increasingly popular disk mill method uses a refiner to shred
and grind groundwood chips between counter-rotating metal shearing disks. Refiner-
ground wood, which usually has longer fibers, is preferred over stoneground wood
since it yields a stxunger paper.

Both types of mechanical pulpers are generally used in an inte-
grated papermaking facility, in which the resultant fiber is thickened by removal
of water and stored as slush pulp rather than being formed into flat sheets for

sale as market pulp. Characteristically, groundwood pulping requires high power -
over 32,000 kw to operate a 500 ton per day groundwood mill.

O



Unlike chemical pulping, groundwood pulping entails considerable
fiber damage. It produces a relatively weak paper that discolors easily on
exposure to light. On the other hand, groundwood processes have the advantage
of converting about 95 percent of the dry weight of wood into pulp, campared to
about 50 percent for chemical processes. The strength problem may be overcame
by adding long-fibered chemical pulp to groundwood pulp between the pulping and
papermaking stages,

Groundwood pulp constitutes 70 to 80 percent of newsprint by
weight. Groundwood plants are principally located in Canada and the southern
U.S., where the supply of softwood and electricity is ample.

2.2.2 Chemical Pulping

Chemical pulping is the process of cocking wood with suitable
chemical reagents to dissolve and degrade the lignin, the cementing material
between the wood fibers, and.allwthéfibe:stobeeasuy separated. The
diversity of pulping processes is increasing in response to the availability of
improved technology, the need to improve productivity, and the requirement to
curb pollution. Currently, two major chemical techniques and cne semichemical
technique of widespread camercial importance are employed.

The most significant chemical processes are the sulfate or kraft
process, the acid sulfite process, and the neutral sulfite process. In the kraft
and the acid sulfite processes, the debarked and chipped wood is locaded into a
large metal digester along with the appropriate chemicals in an aqueous solution.
Heat is applied and cocking is contimued, usually at high temperatures and pres-
sures, until the desired degree of delignification and purification is obtained.
Cocking transforms lignin, same carbohydrates, resins, and mineral matter into
soluble campounds that can be removed by washing. For most pulp grades, over 95
percent of the lignin is eliminated. Because the cooking liquid also attacks and
removes same desirable hemicellulose and cellulose from the wood, relatively poor
yields are inherent in chemical pulping.

The type of process and products involved determines the necessary
cooking conditions. The important variables are the size and physical properties



- - of-the chips,-the liquor camposition and concentration, and the time, pressure, .

and temperature of cooking. The liquor concentration is the most important
variable since it affects the reaction rate and cocking time; a large initial Q
concentration increases the reaction rate but decreases the yield since the
stranger liquor removes or weakens more of the desirable cellulosic materials.,

Fram an econcmic standpoint, the most important variables in cocking are the
chemical camposition and the thermmal energy requirement. The industry is con-
cai@:raﬁngmimprcvaimtmdsofremvermgarﬂrecyclingthechenicalsmﬁ

of reducing energy inputs.

.- The acid sulfite process, discovered in 1874 and well established
cammercially by 1890, remained the most important chemical process until it was
overtaken by the kraft process in 1937. Here, the cocking liquor is made at the
mill by burning sulfur in air to form sulfur dioxide and reacting the gas with
limestone to produce a cooking acid of the desired camposition and concentration.

For years the only base used was inexpensive calcium, but sodium,
magnesium, and ammonia-based sulfite liquors have come into use recently,
especially in Scandinavia and North America, for various reasons: reduced cocking
time, easier recovery of cocking chemicals, reduced stream pollution, more market-
able by-products, fewer required screenings subsequent to cocking, and greater
brightness. However, the soluble bases other than calcium cost four to five times
more per ton of pulp and their advantages in yield, reduced cocking time, and
improved pulp quality alone, without the possibility of spent liquor recovery and
before the advent of stringent pollution’ controls, would not have warranted in-
dustry use.

Since the spent liquor in the calcium-based process is uneconomical
to recover and presents a major water pollution control problem, most plants will
abandon the process unless an econcmical way can be found to recover or dispose of
the spent liquor. Spent liquor has been variously used, e.g., as a road binder or
in the manufacture of yeast, vanilla, alcohol, fertilizers, insecticides, tamning
agents, and inks. It can also be burmmed in concentrated form to produce power and
steam; the heat value of the dried sulfite waste is about two—thirds that of
industrial coal, but much of the energy produced must be used to evaporate and con-
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centrate the liquor in preparation for burming. Even this limited recovery is
likely to became more attractive as energy prices rise.

Despite such efforts to f£ind alternative uses for the spent
liquor, most mills have contimued to dispose of it as a waste product. Recent
water pollution control requirements might alter this trend.

The kraft (sametimes called the sulfate) process is now pre-
dominantly used in pulping. The name "sulfate®™ (derived fram the sodium sulfate
used as the make-up chemical in the chemical recovery process) is misleading since
the active cocking agents are mostly sodium hydroxide and sulfide.

As in the sulfite process, wood in chip form is cooked in large
steel digesters in the presence of a cocking liquor and under conditions of
elevated temperatures and pressures. The cocked chips are then defiberized in a
blow tank and screened as necessary before washing and bleaching. The prepared
pulp may be either pressed and dried into flat sheets for sale or shipment to
another facility or retained in a slurry form for use at an adjoining paper or
paperboard plant.

The kraft process has various advantages: it can be used on al-
most any species or quality of wood; its cocking times are short; it entails no
pitch problems; recovery of the spent liquor is relatively easy; and it yields .
valuable by-products. The pulp produced has great strength and can be bleached
_ to high levels of brightness. The efficient chemical recovery system is especially
advantageous and econcmical since the sodium hydroxide used in the kxraft process
is a very effective but relatively expensive chemical.

The principal disadvantages of the process are its high capital
costs, high cost of bleachiny, and discharge of several highly malodorous waste
gases (e.g., hydrogen sulfide). Regulations requiring controlled discharge are
thus significantly affecting the econamics of the kraft process. Electrostatic
precipitators and scrubbers are being used to reduce odor by precipitating dust
particles to which the odor producing particles cling. Unfortunately, since the
wastewater from these cleaning operations cannot be used for pulp washing be-
cause the odor is imparted to the pulp, this deodorizing method merely substitutes
a liquid waste problem for a gasecus one.



2.2.3 Semdzem.call’ulping . oLl el

-2: .- Semichemical pulping, which cambines mechanical and chemical -
p:lpjmfeaunes,dammllytreatsthemodmadueveparualso&mand
ﬂmusamchaﬁcalmﬁﬂngtoumpletettafxbeﬁzaﬂm,-mcalwlp-
ing offers several advantages over both chemical and groundwood processes. The
yvield is from 65 to 90 percent of the weight of the wood because only part of
the lignin and hemicellulose is removed. This is considerabhly better than the
straight chemical process. The chemical pretreatment reduces the amount of
power_necessary for the subsequent mechanical reduction, increases the average
fiber length, and enables the process to be used effectively with hardwoods.
In addition, since semichemical pulping uses fewer chemicals than the pure
chemical processes and requires a lower capital investment, it lends itself to
use in smaller plants. medrahbadclsthatsam.d:am.calp.:lpmgonlymﬁcs
we.llforhardsmdandismtusedforsoftt«mdspec:.es

The two most important types of semichemical pulping are the
neutral sulfite semichemical and the cold caustic processes. The more widely
usedneutralsﬂfitep:ocasueatsthemodwithasoluﬁmofsodimsulﬁte

chningcoold.ng mh:ffa‘edtoabwtpﬂ?mthamffenngagentsuchas
sodimbica:bmate. The physical characteristics of the neutral sulfite process
pulp make it particularly well suited for use as a corrugating medium. The
neutral solition produces a pulp with high yield, about 65-80 percent, strength,
and brightness without offensive odors. .

The cold caustic process, which employs caustic soda (sodium
hydroxide) to produce coarse pulps for corrugating and same finer pulps for
pﬂntmg-pape:s,isparticmmyuseﬁﬂwithhighdmsityhardvmdsthatcmmt
be used in the groundwood proces-. Efficient use of chemicals and reduction of
the mechanical energy required for subseqant refining make this process lower
in operating costs than either groundwood or other semichemical processes. The
palpspmdlmdareinferior&haftgﬂpsmphysicalpmpertmthstrmxger
thanorequaltogzmnﬂmdp:lpsnadefzmsofﬂmds

system, can use a number of chemical processes. For the semichemical process

O
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usingcausticsoda,arebcve:ym'éﬁilartoﬂmtusedmreccversodim
hydroxicde in the Kraft process may be used. Most of the remaining techmiques
involve either cambustion of cross-recovery (using the kraft mill recovery
system) .

$2.2.4 Secondary Fiber Pulping

Seccndary fiber, derived from wastepaper, is a principal source
of pulp for saome papermaking facilities around the large metropolitan areas.
Secondary fiber accounts for about 20% of the fiber used for pulp today. Al-
though the rising cost of fiber will undoubtedly induce the industry to increase
use of secondary fiber (especially recycled paper, the highest-quality waste—
paper used for making pulp today), such increases may be less than is popularly
anticipated. Rising energy costs, the difficulty of separating wastepaper from
other trash, and the lack of captive supplies may limit the growth in use of
wastepaper as a fiber source. Mills that use wastepaper generally have little
cantrol over their secondary fiber supply, although firms are increasingly
seeking long-term wastepaper supply arrangements.

2.2.5 Dissolving and Special Pulps

Variations of the basic sulfate and sulfite processes which
produce pulps for paper and paperboard are used to produce a special type of
palp called dissclving pulp. This segment of the pulp industry has beccme so
specialized that it operates much as a separate industry. To generate dis-
solving pulp, pulps produced by kraft or sulfite processes are chemically
purified to remove all semi-cellulose and to extract pure cellulose. The pure
cellulose is then used as a raw material to produce rayon, cellophane, and cel-
lulose derivatives used in such diverse products as explosives, detergents,
lacquer, food product thickeners, hand lotions, and autamobile accessories.
Dissolving pulp is also used to make glassine paper (the paper that forms the
clear window in window envelopes). Dissolving pulp facilities are frequently
located adjacent to kraft and sulfite mills so that the pulp can be delivered
in slush form without drying.




2.3 EPA Classification of Mills by Pulping Method . . — -

N It is af the pulping stage that the process schemes allow for dif= .
ferentiation between plants. In campliance with certain sections of FWPCA of Q
1972, EPA has established the following sub-categories of pulp, paper and paper-
board operaticns for the purpose of establishing effluent gquidelinesg:*

Table 2-1 EPA Mill Classification

1. Bleached Rraft: Dissolving Pulp
2. Bleached Kraft: Market Pulp -
3. Bleached Rraft: Fine Papers
4. Bleached Kraft: B.C.T. Papers
5. Papergrade Sulfite
6. Papergrade Sulfite Market Pulp
7. low Alpha Dissolving Sulfite Pulp
8. High Alpha Dissolving Sulfite Pulp . .
9. Soda
10. Groundwood

Chemi-mechanical (QvP)

Thermo-mechanical (TMP)

Fine Papers Q
C.M.N. Papers

i

15, Non-Integrated Fine Papers
16. Non-Integrated Tissue Papers’

17. Non-Integrated Tissue Papers (fwp)
-EPA defines each class of mill as follows:

1. ELEACHED KRAFT: DISSOLVING PULP means that production of a highly ble~~hed
pulp by a "full cook" process utilizing a highly alkaline sodium hydroxide and
sodﬁmmﬂfidea:bld.ngliqmr. Included in the manufacturing process is a "pre-
cook” operation termed prehydrolysis. The principal product made by mills in
this subcategory is a highly bleached and purified dissolving pulp which is used
Principally for the mamufacture of rayon and other products requiring the virtual
absence of lignin and a very high alpha cellulose content.

* Reference No. l; further industry and process descriptims,.includingwaste-
water characterization, can also be found in this and associated references. O
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2. BIFACHED KRAFT: MARKET PULP means the production of bleached pulp by a "full
cook® process utilizing a highly alkaline sodium hydroxide and sodium sulfide
cocking liquor. Included in this subcategory are mills producing papergrade
market pulp as the only product.

3. BLEACHED KRAFT: FINE PAPERS means the production by integrated pulp and paper
by a "full cook" process utilizing a highly alkaline sodium hydroxide and sodium
sulfide cocking liquor. The principal products made by mills in this subcategory
are fine papers which include business, writing, and printing papers.

4, BLEACHED KRAFT: B.C.T. PAPERS means the producticn by integrated pulp and
paper mills of bleached pulp and paper by a "full cook™ process utilizing a highly
alkaline sodium hydroxide and sodium sulfide cocking liquor. The principal
products made by mills in this subcategory are papers of low filler content
including paperboard (B), coarse papers (C), and tissue papers (T).

S. PAPERGRADESUIFITEneansﬂepmdtr;imbyintegratedgﬂpardpapermiJlsof

pulp and paper, usually bleached, by a "full cook"™ process using an acidic cocking
liquor of bisulfites of calcium, magnesium, ammonia, or sodium containing an excess
of free sulfur dioxide. The principal products made by mills in this subcategory

are tissue and fine papers.

6. PAPERGRADE SULFITE MARKET PULP means the production of pulp, usually bleached,
by a "full cook" process using an acidic cocking liquor of sulfite of calcium,
magnesium, ammenia, or sodium containing an excess of free sulfur dioxide. The
Principal product made by mills in this subcategory is papergrade market pulp.

7. LOW ALPHA DISSOLVING SULFITE PULP means the production of highly bleached and
parified pulp by a "full cook" process using very strong solutions of bisulfites

of calcium, magn_sium, ammonia, or sodium containing an excess of free sulfur dioxide.
The pulp produced by mills in this subcategory are viscose, nitration, or cellophane
gradesandamusedprimipanyforﬂlemnufacumeofrayonandotherpmdrts
requiring the virtual absence of lignin.

8. HIGH ALPHA DISSOLVING SULFITE PULP means the production of highly bleached and
parified pulp by a "full cook” process using very strong solutions of bisulfites of
calcium, magnesium, ammonia, or sodium containing an excess of free sulfur dioxide.




The pulp produced by mills in this subcategory is priycipally acetate grade and
theptmpal—usaamforﬂnmmmfacuneof:aymarﬂotherpmdmtsrequumg O
the virtual absence of lignin, PRI

.»w-9'. " SODA means the production by integrated pulp and paper’mills of bleached pulp

and paper by a fullcnok'msutﬂizmgahighlyalkalmesodnmhydrmude
cocking liquor. 'memncipalproductsnadebymllsinthissubcategoryare
printing, writing, and Business papers. L o

10. GROUNDWOOD: CEEMI-%EIEPNICALmansthepmductimbymtegmtedlepandpaper
mllsofp:lpamipaper,w:tharwiﬂmthrigl’maung utilizing a chemical cooking
Llicuor to partially cock the wood followed by mechanical defibration by refining
at atmospheric pressure. The principal products made by mills in this subcategory
are fine papers, newsprint, and molded fiber products.

11. GROUNDWOOD: THERMO-MECHANICAL means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, by a brief cook utilizing
steam, with or without the addition of cocking chemicals such as sodium sulfite,
followed by mechanical defibration by refiners which are under pressure. The
principal products made by mills in this subcategory are fine papers, newsprint,
coarse papers, and tissue products. Q
12, Gmm:FDEPAPEEmanstrapm&nﬁmbyintegnteagﬂp'andpapermins
of pulp and paper, with or without brightening, utilizing only mechanical defibra-
tion by either stone grinders or refiners. The principal products made by mills
in this subcategory are fine papers which include business, writing, and printing
papers.

13. GROUNDWOCOD: C.M.N. PAPERS means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, utilizing only mechanical
defibration by either stone grinders or refiners. The principal products made by

A"millsinﬂﬁsmbcatego:yamppersoflwfﬂlercauta&tﬁwludingcnarse

papers (C), molded fiber products (M), andnewsprirrt o) .

O




14. @;nemsﬂxepmdwtimofgﬂpandpaperus:allybrigrmmedorblea&ed
from recycled waste papers in which an alkaline treatment is used to remove
contaminants such as ink and coating pigments. The principal products made by
mills in this subcategory are printing, writing and business papers, tissue papers,
15. NON-INTEGRATED FINE PAPER means the mamufacture of fine papers by non-
integrated mills from wood pulp or deinked pulp prepared at ancther site. The
principal papers made by mills in this subcategory are printing, writing, business,
and technical papers.

16. NON-INTEGRATED TISSUE PAPER means the manufacture of tissue papers by non-
integrated mills fram wood pulp or deinked pulp prepared at another site. The
principal products made by mills in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

17. NON-INTEGRATED TISSUE PAPERS (FROM WASTE PAPER) means the manufacture of
tissue papers by non-integrated mills from recycled waste papers (fwp). The
principal products made by mills in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

The effluent limitations and standards for the above subcategories are
based upcn on-site manufacture of all of the pulp (including deinking of waste
paper) used tc produce the final products (i.e., no supplementary fiber source
such as purchased pulp or waste paper was included in the determination of the
effluent limitations or standards). The exception to this is the Groundwood:

QN Papers and Groundwood: Fine Papers subcategories which were based upon ground-
wood mills manufacturing papers from pulp produced cn-site and from purchased
pulp used as supplementary fiber. ) of particular interest from the standpoint
of PCBs and waste paper recycling are categories 14, 15, 16 and 17.

2.4 Papermaking Processes
2.4.1 Background

For most paper and paperboard products, the papermaking machine
receives prepared paper stock containing about 199 pounds of water for every pourd
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of d&ry material, passes it through a series of operations to form it into a

continuous web and to remove the excess water, presses the wet sheet to remove
" still more water and to make the sheet still more dense, dries it over heated
driers and finally reels it up into large rolls. This change from stock con-
taining almost ten tons of water per 100 pounds of dry matter to a sheet of

paper which seldom contains over 5 pounds of water in 100 pounds of dry paper
takes place in just a few mimutes according to the speed of the machine. A

schematic of the overall process is shown in Figure 2-1.

Although many mechanical variations and improvements have been |
made over the years, only two basic types of paper machines, the fourdrinier
and the cylinder, are used today. Both were invented over a century ago. These
machines differ significantly in the method of forming the fiber web.

The fiber stock is subjected to a series of refining and clean-
ing stages prior to its introduction to the paper machine., These stages are
chosen to produce the desired fiber characteristics to meet the product's needs.
The fiber stock is mechanically refined in heaters or continucus refiners to
fray or "brush” the individual fibers. The frayed fibers will have a tendency
to mat together and the degree of matting will produce the required strength in
the final paper. In fine papers where a campact, tight mat is required the
stock may also be pumped through a fordan which will cut the fibers to the re-
quired length with a limited amount of brushing.

2.4.2 Fourdrinier Paper Machine Process

In the fourdrinier, the refined stock is pumped to a headbox
which controls the amount of stock flowing to the paper machine "wire" and thms
maintains the paper at the desired consistency. The carefully dailuted stock
(~ 0.5% solids) is then spread evenly on the "wire" (a woven brass or hronze
cloth, the mesh of which differs in type and size of opening according to the
paper being made) to form the paper. Water drains through the wire, and is
squeezed fram below to assist in the drainage. The transfer of the sheet to
presses is accamplished with a suction pick-up roll. The sheet leaves the "wet-
end" of the machine at a consistency of 35 to 40% solids and is passed through
beated, hollow iron or steel drum dryer rolls in the dry end. Because of its
higher ocutput speed and greater versatility the fourdrinier is more cammon than
the cylinder. -
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Figure 2-1 gives a schematic process flow diagram for the
fourdrinier paper machine. Of special interest is the recycling loop of both
water and fiber from the fourdrinier section back to the rich white water tank,
saveall and filtered white water tank. This stream is the major inplant carrier
of fines-related PCBs, and is shown to be repeatedly passed through the fourdrinier
to incorporate as much of the fiber and fines load as possible in the product
paper.

2.4.3 Cylinder Paper Machine Process

In the cylinder machine, the headbox and wire found in the four-
drinier are replaced by a wire-covered c¥linder mold which is partially immersed
in the prepared stock.

The principle of the cylinder machine differs from that of the
fourdrinier in several respects. Instead of the sheet being formed on an endless
belt of woven wire through which the water drains, leaving the fibrous stock on
its surface, the cylinder mold revolves while partially immersed in a vat of the
dilute stock and the:sheet is formed on the surface of the wire-covered mold.
This is accamplished by maintaining the water level within the cylinder lower
than that cutside so that the water drains into the cylinder leaving the stock
on its surface. The web of paper formed by the revolving cylinder is removed off
the top of the cylinder by a felt. Usually a cylinder machine consists of several
cylinder molds and vats supplied with stock entirely independeltly, and as the
felt passes over each cylinder in turn it picks up the sheet fram each, thus
making a sheet of multiple layers. This makes it possible to form sheets with
surface layers differing from those within the sheet, either in color, kind or
fiber or both.

The same basic flow process is associated with cylinder machine
as the fourdrinier shown in Figure 2-1; however, as menticned above, the final
product may be multi-layered, requiring a parallel stock flow through each
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Census Bureau data shows that Paper and Alljed Products had a
1973 water intake of 2,415 billion gallons. Gross water usage was estimated

to be 8,126 billion gallons. The ratio gross/intake shows how much water re-
use is occurxing. The historical trend is shown cn Table 2-2,

Table 2-2
Water Usage 'in Paper and Allied Products Industries
Gross Water Intake Water
Year (billion gal) "(billion gal) Gross/Intake
1973 8127 2415 3.36
1968 6522 2252 2.89
1964 5491 ’ 2064 2.66
1959 5046 1937 2.60

1954 4242 1786 | 2.38

Between 1954 and 1973 water intake increased by 35%. In the
same period, total paper and paperboard production rose 106%. The trend to
internal water recycling is well documented and continuing. AreportbyRapson(Z)
describes the processes to be used at the bleached kraft mill of Great Lakes
Paper Co., Ltd. at Tmumnder Bay, Ontario. This mill will start up in late 1976
and will recycle virtually all of its water, emitting only low temperature heat
in uncontaminated cooling water. Projections indicate this to be at a lower
cost than use of external treatment. One major reason will be the conservation
of heat in the counter current washing of the uleached pulp.

Allowing for a 5% water loss associated typically with product

" moisture, about 2.2 trillion gallons of water was discharged to U.S. waterways

in 1973. Average runoff for the continental U.S. is given by Todd‘®) as 655
trillion gallons. A simple division indicates that the paper and allied product
discharge is 0.33% of the total continental runoff. Since the discharge is not
evenly distributed over the rivers, the water quality of even large streams can
be strongly affected by the effluent loads from paper mills.




2.5.2 Production History ’ - -

—— —_——

There is much potential for confusion in the utilization of O
datafrmﬂnp:lpa:ﬂpaperﬁxhsﬂybe@useovertheyearsforwhmhmfor—
mation has been retained, new products as well as new processes have appeared.
As a result, the categorization of the cutput of the industry is constantly
chahging. While the categories are relatively stable over a short term period,
they have changed noticeably during the long term. The general overall trend
has been one of production increase, underlain with a use of recycleld waste
paper which has varied with world econamic and political conditions. Table 2-3
shows the information on production and secandary fiber usage cbtained from
Burean of Census, American Paper Institute and other sources for the 1957-1974
period.

According to the last colum of Table 2-3, the rate of recycling
has remained virtually constant at about 20% since 1968. Even with the emphasis
on re-use and conservation of natural rescurces, little change can be seen.
Lingla'®) states that paper constitutes 318 by weight of mmicipal solid wastes
going to disposal. Of that paper, 29% is corrugated containers, newspapers and
printing papers are each 20%, and packaging and the other categories make up the
balance. Slightly more than half of all paper wastes are from residences with

Source separation is a basic part of most collection systems
focusing an recycling. Newspaper bundling in residential areas and campacted
corrugated carton collection fram commercial establishments are exanples of
such source separation schemes. This is required so that a paper mill utilizing
recycled paper in its furnish (raw material) can be assured that the proper
type of fiber is going into its process.

The type of catch—-all waste which emanates from offices, govern-
ment and camercial firms is termed "mixed waste". Wwhile it can be utilized by
segments of the paper industry, there exists the chance in this waste stream for
the carbonless copy paper which contains PCBs.




—s Z-

TABLE 2-3

Product Output and Recycle Rate

Output Paper Stock .
Paper Paperboard Construction Board Total Recycled % Production
Year (10° tons) (10* tons) (10* ‘tons) (10* tons) (10* tons) Recycled
1957 13.6 14.1 3.0 30.7 8.5 27.7
1958 13.5 14.1 3.2 30.8 8.7 28.2
1959 15.0 15.5 3.5 34.0 9.4 27.6
1960 15.4 15.7 .4 34.5 9.0 26.1
1961 15.7 16.4 3.4 35.6 9.0 25.2
1962 16.5 17.5 3.4 37.5 9.1 . 24.3
1963 17.3 18.2 3.7 39.2 9.6 © 24,5
1964 . 18.2 19.6 3.9 41.7 9.8 23.5
1965 19.2 20.8 4.1 44.1 10.2 \ 23.1
1966 20.7 22.6 3.9 47.1 10.6 22.5
1967 20.9 22,1 3.9 46.9 9.9 21.1
1968 22.4 24.5 4.3 51.2 10.2 19.9
1969 23.6 26.1 4.5 54.2 10.9 20.1
1970 23.6 25,5 4.4 53.5 10.6 19.8
19711 23.8 26.1 5.1 55.1 11.0 20.0
*1972 25.4 28.5 5.5 59.5 11.7 19.7
1973 26.5 . 29.7 . 5.7 61.8 12,2 19.7
1974 26.9 27.9 5.2 59.9 12,1 20.2



3.0 TRANSPORT CF PCBs IN THE PAPER INDUSTRY -
3.1 PECB Sources to the Industry Q

3.1.1 Influent Waters

A representative value for PCBS concentration in the intake
waters of paper mills was deemed necessary for several aspects of the work. This
value, which was detemmined to be 0.1 ppb, was derived from several scurces as
shown below.

During the early months of 1976, EPA instructed its Regional
Offices to conduct a sampling program aimed at identifying point sources of PCBs
to the envircmment. This Regicnal Surveillance Program reported in excess of
2,400 data points. Of these, 106 could be wnambigquously categorized as having
cane fram a natural body of water. With the elimination of a few samples suspected
of being contaminated, the average value of these "natural water"” samples is 2.3
peb. Bowever, the choice of sampling sites was usually contiguous o a facility
which was already a potential PCB emitter, so that this value is probably more
zepresmtauveofamghuse,mmallydeve]npedsmanmﬂmthanmm
mental background. The intake PCB concentrations for paper mills might therefore O
be expected to be samewhat less than this 2 ppb average. Paper mills faced with
suspended solids in their intake water will usually perform a clarification clean=-
up prior to use. Such treatment would be expected to remove up to 90 per cent of
the PCBs fraom the water (retained on removed particulates).

permis®) obtained STORET data for PCBs in major U.S. drainage
basins and showed a range of median values for each basin fram ND (not detectable)
to 0.3 ppb in his tabulation for 1974.

- Data on intake water PCB concentrations from the Institute of
Paper Chemistry for eight Wisconsin paper mills showed three mills reporting un-
detectable levels and the other five reporting an average of 0.2 ppb PCBs.

On the basis of the above considerations, the representative PCBs
level of the water used in paper mills was taken to be 0.1 ppb.

O
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3.1.2 Process Chemicals

Table 3-1 gives a typical listing of same of the major kinds of
chemicals used in pulp and paper making. The amounts used cn a per unit ton basis
vary from trace quantities to 280 lbs. for some pulping liquor comstituents.

Both Crown Zellerbach and Institute of Paper Chemistry researchers
have tested process chemicals for PCBs. None have ever been detected except for
one specialty chemical reported by IPC. A rough calculation shows that to produce
a 2 pon PCB concentration in a product which uses 8 lbs. of trisodium phosphate
per ton of pulp (assuming a camplete extraction of PCB by the fiber), 2 grams of
PCB would have to come in with the detergent. Its concentration in the detergent
would be 5500 ppm, easily detected., Even an increase of 0.1 prm in the product
fram this source would require a concentration of 27.5 ppm in the phosphate.
Present analytical capabilities allow monitoring at 1 ppm and below, so that PCB
inputs from process chemicals would have been easily noticed. '

3.1.3 Inks

The National Printing Ink Research Institute at Lehigh University
was contacted for details on present and past usage of PCBs in printing inks. The
major use reported was the NCR encapsulation procedure used in the carbonless copy
paper. A small number of patents do exist for PCB use as part of same inks
sensitive to ultraviolet light. BHowever, they date from the very early seventies
and had not gotten into widely marketed use by the time the PCB use in carbonless

copy paper was stopped. To the best knowledge of NPIRI, none of these inks reached
camercial production and no.present day formulations utilize PCBs as a constituent.

Subsequent conversation with a representative of the Sun Chemical
Go.* indicated that PCBs were used f:r several years prior to 1971 in "flexographic”
inks used on flexible packaging. It was estimated that the production of such inks
during 1970 was about 20 million pounds, of which about five per cent of the pro-
duction would have contained PCBs at a two per cent by weight concentration. Thus,
the estimated use of PCBs for this purpose, apparently the maximum, was 20,000
pounds in 1970." The historical trend for this applicatieon is not known, but based

*Personal Communication with Mr. William Rusterhaltz, Sun Chemical ., Octcber, 1976.
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on a five-year period of usage and linear growth during that period, it is
estimated that the total usage of PCBs in such inks was about 50,000 1b.

The above figure is roughly 0.1 per cent of total PCBs usage in
carbonless copy paper. In addition, flexible packaging materials typically were
plastic or contained plastic adhesives which render them unattractive for re-
cycling. Thus, it appears unlikely that the PCBs usage in flexographic printing
inks has contributed significantly to PCBs inputs to the paper industry.

3.1.4 Recycled Waste Paper

As was indicated in Section 1.0, the major source of PCBs entry
into the paper industry appears to have resulted fraom the use of Aroclor 1242 in
carbonless copy paper during 1957-71 and subsequent recycling of a fraction of this
poduct. To same extent, PCBs contamination has spread fram this source through-
ocut paper products because of the affinity of paper for PCBs. A summary of avail-
able data on PCBs levels in various types of paper products, by year, is presented
on Table 3-2. The recycling of these products tends to perpetuate the contamination.

3.1.5 Other Potential Uses or Sources of PCBsS in Paper Mills

Although paper mills utilize askarel-filled (PCB) transformers and
capacitors, and may have utilized PCB-filled hydraulic or heat transfer systems,
PCB-containing lubricants, paints, etc., it is considered unlikely that such
activities would be causing release of significant quantities of PCBs to either
effluent streams or product streams. '

Similarly, it is also considered highly unlikely that PCBs are
produced in the practice of wastewater chlorination in the paper industry. Biphenyl
has not been identified as a waste stream constituent fram this industry, although
very small amounts could conceivably enter via recycling of packing materials
(typically for fruit) which have been treated with biphenyl as a fungicide.

3.2 PCB Content of In-Plant Streams and Reservoirs

Data an PCB levels of in-plant process streams are almost campletely non-
existent for three apparent reasons. First, at the cbserved low concentrations,
PCBs have no effect on product quality, so that internal monitoring is not required.



TABLE 3-2
PCB OONTENT CF PAPER AND PAPERBCARD

No. of PCB Content
T Samples {pgm)

1968 Virgin pulp 2 0.29
Prior to Ibcyd.ed(l) wastepaper 13 3.2
1970 input
1971 Recycledt) wastepaper 24 1.1
imput (1970-1972)
1972 ) Recycled paperboard 200 - ~15.3
Virgin pulp 2 0.16
1973 Paperboard 100 0-20
1973 Virgin newsprint 3 <.5-1.0
Recycled newsprint 3 <.5~1.38
Virgin bohd paper ° 7 <.5-8.5
Recycled bond paper 2 113.5-290
Bleached kraft pulp 4 <.5-1.33
Bleached kraft liner board 1 <.5
Publication paper 3 <.5
1974 1ns 1.45-2.97
Recycled (1) wastepaper 5 0.37
input
Virgin pulp 2 0.127
1975 Paperboard 4 0.3-1.2
Virgin pulp 6 0.072
1976 Paperboard - 0.430
Cereal liner - 0.8
Corregated board - 0.2
~ Waxed paper - 0.5
Sm. Wist - 0-2
Lamin. grade - 0.3
- 1.6
Recycled !} wastepaper 138 0.15
input

(l)m.sc:mrtizglcumsanpleﬂofNZRcarbonlesscopypaper.
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Second, most plants, especially the older ones, are not planned with specific
capability for sampling in-plant flows, so any sampling done is more by opportunity
than by design. Thirdly, commercial PCB analyses cost fram $60 to $100 per sample,
and a sampling program without a clear goal of campliance with regulations or
product improvement is generally considered a poor investment. A PCB analytical
system would require capital costs in the range of $15,000 to $20,000 and annual
expenditures for trained personnel, lab space, and operation of up to $50,000.

3.2.1 PCBs in Deinking and Pulping Process Water

The deinking process water is typically not a recycled stream,
although in many cases it represents a significant fraction of the total water
usage for a recycling mill. Deinking procedures and conditions depend on the
product qualities desired (white or natural or color, etc.). Although same of
the PCBs associated with recycled paper will probably be stripped fram the fibers
during deinking, this should represent anly a minor fraction of the total PCB load
of the reclaimed material.

During the pulping process the cellulose fibers are separated, and
this process should also release the PCBs or PCB~containing microballoons held
within the mat. PCBs already released from microballoons would then be able to
distribute themselves between the fibers and the water. Since evaporation and other
" losses of PCBs during pulping should be small, the above appears to be the situa-
tion when the slush pulp enters the paper mill.

3.2.2 Distribution of PCBs in the Papermaking Process

In the papermaking process (see Figure 2-1), most of the PCBs
entering with the pulp exit with the product. These would include most of the PCBs
in intact microballoons and most of the PCBs associated with fibers. In the drying
and calendaring sections, the vaporization of excess water would be expected to
codistill free (not encapsulated) PCBs at or near the surface. This is the major
opeortunity for vaporization loss in the process.

In a typical plant, much of the water in the papermaking process
(white water) is recycled as shown in Figure 3-1. White water fram the fourdrinier
or cylindrical machines contains dissolved and suspended PCBs. The fibers present
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are relatively small, with high surface area per unit weight, so that the ratio
of PCBs to solids by weight may be as large as or greater than the PCBs content
of the product. Much of the PCBs in suspended form is added back to the main
process with the short fibers, in order to conserve fiber. The liquid phase from
the "save-all", a separator unit, is filtered to futher remove fiber (which goes
back into the process) and the filtrate is discharged. This clarified save-all
yield can be one of the major camponents of the discharge fram the plant.’

If we assume a 1 ppm PCB concentration (typical of product PCB levels
using recycled pulp) in the fiber portion of the clarified save-all yield (at
120 mg/1 solids), the PCB concentration of that flow is 0.12 ppb which is effective-
ly the same as the intake value selected as representative, and near the lower
working limit of present analytical techniques. About 95 per cent of the PCBs
entering the save-all appear to be directly recycled back into the paper on the
PBs first pass through the white water system. Thus, it appears that most of
the PCBs (and the solids) in the effluents arise fram unit processes other than the
save-all.

Since it appears that most of the PCBs in paper mill effluents are
associated with the fiber solids (either encapsulated or adsorbed PCBs), the
major route of PCBs entry into wastewaters must then be via solids entxry. On
Figure 3-1, this occurs primarily in the aqueous discharges fram the centrifugal
cleaners, machine screens, and press section. Fiber loss at these points is
sufficient to cause solids levels up to several grams per liter in the raw waste~
water.

3.2.3 Fate of PCB-Containing Microspheres

The hardened gelatin—qum arabic walls of the ink-carrying micro-
balloons used in the NCR carbonless copy paper are considered essentially stable
under conditions typically encountered in the use of secondary fiber. Thus, most
of the microballoons should proceed through the process intact. Most would be
expected to be incorporated into the product, because of the manner in which fiber
is collected in to product (essentially a filtration process).
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: - Based an the above, the PCBs content of the plant effluent should
consist of those microspheres not retained in the product and a fractiom of that O
released by breakage (through usage of the paper, during collection and transport
of wastes, and in the recycling and papermaking processes). The remainder of that
released by breakage could remain an the product, be vaporized, or removed from
the stream in various other ways. -

This line of reasming leads to the conclusion that most of the
FCBs in paper products and wastepaper is still encapsulated. Discussions with
paper industry representatives have supported this view, especially discussions on
the camparison of analytical results between procedures in which the microballoon
walls have and have not been definitely destroyed. PCB levels resulting from
destruction of the microsphere walls with alcoholic potassium hydroxide solution
are much higher than those cbtained using conventional extraction procedures.
However, this could be grossly misleading since the same treatment is necessary to
separate the individual fibers to release for analysis PCBs (in whatever state)
trapped within the mat.

The actual proportion in paper products and effluents of PCBs in
intact microballoons is not known and could be ascertained anly with difficulty. O
One of the items of future work proposed by the Institute of Paper Chemistry in
a:ecmtrepozt(n)ismdebemimthemtmdeffectofmpresmtmpm-
ducts and effluents within intact microballoons.

3.3 BB Iosses fram the Pulp and Paper Industry

3.3.1 Wastewater

The PCBs content of microballoons in plant effluents can be
removed by solids removal; similarly, PCBs scrbed onto suspended solid. in the
effluent can likewise be removed. Solubilized PCBs, either in true solution or
present in or on very small particulates, will be very difficult to remove from
effluents.

The partition coefficient for PCBs between cellulose and water is
not expected to be anywhere near as large as those between lipids or carbon (for
example) and water, based on the relatively slight accumulation in woody plants

O
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and scanty general information available on this subject. Unpublished data
cbtained fram the Institute of Paper Chemistry concerning a series of experiments
in which ane per cent fiber slurries in water were doped with PCBs (up to 100 ppb),
shaken and allowed to settle, and then filtered and analyzed, indicated partition
coefficients ranging fram 800 to 1700. These values are not sufficiently high to

. allow removal of dissolved PCBs with suspended solids in mill wastewaters as
described below.

At a partition coefficient ff:r PCBs between cellulose and water
" of 500, and a suspended solids content of two gm/liter, about cne-half of the
"free" PCBs would be expected to be adsorbed onto the fiber. Bowever, recent
industry experience has indicated that removal of over 90 percent of the suspended
solids from the wastewaters will also remove over 90 percent of the PCBs, with
resulting PCB concentrations in the range of 0.1 ppb to several ppb, well below
the reported solubility level of Aroclor 1242. In the absence of. other infor-
mation, this appears to indicate that relatively little of the PCBs in the waste-
water is present as dissolved PCBs.

Three altemative explanations for the above appear to be
possible:
(1) The partition coefficient between water and the solids present is
very much greater than a few hundred;

(2) Most of the PCBs present are encapsulated in microballoons and
are thus removed in this form along with the other solids; or

(3) Organic solids added to or present in wastewater treatment systems
serve to separate the FCBs from the water.

Altematives (2) and (3), or a cambination of these, appear to
be nore likely than alternative (1). In all paper mill wastewater treatment
systems of which we are aware, polymeric flocculation aids are added in primary
treatment and/or the water is subjected to activated sludge secondary treatment.
It is well-known that biological sludges exhibit a strong affinity for PCBs and,
although the sorptive activity of the polymeric agents for PCB relative to water
(and cellulose) is not known, it may be surmised that these agents are better
scavengers of PCBs than cellulose. However, altemative (2) (most PCBs still
encapsulated) remains a strong possibility until proven otherwise.
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- .. The PCB leyels in raw wastes fxom recycling plants vary widely
mtaretyp:.callyinthemageofmmmo;:pb. With current waste treatment
mcﬂca,thismreimdtoatypicalmgeoflessthmo.Sppbmseveralppb,Q
with occasional excursions. As a consequence of the recent experience showing PCB
removal concomitant with suspended solids removal, compliance with BECTCA (1977)

and BATEA (1983) should result in contimiation of the dowrmard trend in effluent

ECB levels.

3.3.2 Vaporization lLosses — e

3.3.2.1 Iocsses During Papermaking L

Available information indicates that there may be
measurable losses of PCB during the removal of moisture from the paper in
the dryer section of the machine. This conclusion was reached on the basis
ofmssbalancesuxhesdmecnammberofcooperatmgmsconsmmlls

Wearec’ealmghe.rewiﬂxapcsconcetmtzmmatyplcal
paper of only.l gram per ton. Since the qualitative assessment of the vapor—
ization loss was that it was a few percent of the PCBs present, the loss will
not pose a health hazard, nor will it have a significant effect on the con-
clus:.cnsreadzedmthenndeloftheir@.zstry O

3322 Iosses from Effluent Treatment Ponds

A significant amount of the treatment of papermill
effluent occurs in systems open to the atmosphere. Such choices as aerated stabiliza-
tion basins, ditch aeration, and rotating biological surfaces are designed to provide
a greater supply of atmospheric axygen to the effluent for the purposes of lowering
BOD. At the same time an opportunity arises for PCBs to exchange across the solid-
liquid and liquid-cas interfaces. No definitive data on these processes for PCB
loss are available, but there may be the possibility of exchange mediated by the
partitioning of the PCBs in the camplex systems.

One expects same exchange based on previcusly published
dﬁcﬁ.pumsofappa:mtbssaﬁunmumlmtersystmssuchasmmchlgan(n),
as well as demonstrated losses from 1 per cent pulp fiber/distilled water slurries

O




in experiments carried cut at the.Inst:.t:rteof Papér Chemistry. The latter case
showed up to 30 per cent losses fram solutions spiked to the 100 ppb concentration.
Quantitative assessment of the evaporative losses fram

act:ual treatment facilities will require application of field sampling tecl‘mques
for airborne PCBs which are still mthedevelo;nentstage.

3.3.3° mca.nerat:.cm Losses

DestmctimofPCBsbyhi@tatperamreincineraﬁimisgenerally
regarded as requiring a 2 to 3 second exposure to 2,000°F for "camplete" cambustion.
Shorter contact times or lower temperatures will not allow camplete elimination of
these stable compounds. Specially designed incinerators have been operated by
Monsanto and other fimms for the proper decimation of PCB-containing liquid wastes,
but typical municipal and industrial incinerators will not destroy PCBs campletely.

© 3.3.3.1 Bark Burning

In those mills which practice barking, the bark is often
utilized as a hog fuel in mills which generate sufficient bark to use it to fire a
boiler for steam generation. Smaller producers of bark may simply incinerate it
along with unsalvageable fiber from other parts of the operation. Like the virgin
wood, bark has a PCB content which is essentially nil and results in an extremely
tiny emission to the atmosphere under these conditions.
 3.3.3.2 Sludge, Spent Liquor and Carbon Burning

On an industry-wide basis there has been a drastic decrease
in incineration of these materials. The price of fuel necessary to mix with them
has risen to the point where altemative disposal schemes cost less.

Sludge is dewatered and generally landfilled. Its PCB
content usually ranges from 4 to 25 pmm, the same range exhibited for mmicipal
treatment plants. *%  as such, it should be subject to the same careful handling
as other PCB wastes.

~ Spent l:.quor of all types is be.mg mternally recycled
and ref:.ned to reduce the amount of make-up chemical required in the pulping stages.
More and more opportunities are being discovered for converting spent liquors into



salable by-products or for conversion to other uses inside the plant. These

reascns have led to a great overall reduction of liquor burning throughout the

industry. . _ O
- . Charcoal buming has been used in a few instances for

ﬂxeprodact:mofcarbon But the extent is not great and one would expect

volatilization of any PCBs to have taken place prior to such an activity. As in

bark burming, actual measurements of such potential losses are not available.

3.3.4 Solid Process Waste Iosses

The industry exhibits an average process loss of 2 to 5 per cent.
That is, of the pulp entering the paper machine, 2 t© 5 per cent of the fiber by
weight does not get incorporated into the product paper. This amounts to 40 to
100 pounds of solids per ton of product that will be incorporated into the sludge.
As mentioned in the previous section, the few data for paper mill sludge PCB con-
tent shows it to be in the same range exhibited by municipal treatment plant
sludges. These considerations predict that an average mill with 100 ton daily
production might landfill between 2 and 120 grams of PCBS per day (0.004 - 0.26 lbs.)

The effective mobility of PBs in the landfill sitwation is not .
well described. The EPA Regiocnal Surveillance Program generated 75 samples describy
as leachates. 'mesewereallsampleswheregzptmdwaterwasdeteminedtohavehad
the opportunity to percolate prior to sampling.

Eliminating three samples known to be directly associated with
highly contaminated industrial sites, the average value for the 72 remaining samples
is 2.8 ppb. It is only 2.8 times the 1 ppb detection limit specified in the EPA
40 CRF PT.136 standard analytical method.

Assuming that landfills are about 40 to 5" per cent paper, neither
the paper or the sludge would appear to be mobilizing large quantities of PCBs.
In fact, the leachate PCB concentration is indistinguishable from that of industrial
mtakemtersreportedbyﬂxemgimal&gvmllancepmgrammddesmbedm
Secticn 3.1. The hinding of the D(Bs to the fiber may be similar in stability
and strength to their association with soil or sediment particles. PCB mobility
in sediments is reported to be very low. (1°/36:17) mig 55 thought to be due to

the availability of organic material with which PCBs preferentially associate.

O
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3.3.5 'PCB Ctmcentration in Finishe

Product concentrations are referred to elsewhere. In gen
PGB levels of current products made with recycled fiber range up to one to two
parts per million. This material appears to be almost entirely due to use of
Aroclor 1242 in NCR carbonless copy paper prior to the spring of 1971. Levels in
products appear to be consistently decreasing since the 1971-72 time frame.

3.4 Monitoring Technology

The study of PCBs within the pulp and paper industry is naturally based
on the data generated by the analytical procedure. At the present time, just as
in the analysis of natural waters for PCBs, there is no standard method for the
analyses of pulps or effluents which take into account the peculiarities of the
matrices involved. For example, in the analysis of pulp or paper, it is absolutely
essential to remove the PCBs from the fiber quantitatively so that eventual extraction
into an ergenic solvent such as hexane may be accamplished. Removal procedures such
as treatment with alccholic potassium hydroxide have been used. Application of
surfactants such as Triton X-100 is also practical. Having removed the BCBs fram the
fiber, it is then necessary to make sure that both forms, the free PCB and the
encapsulated PCB fram NCR carbonless copy paper, are extracted into the solvent.

. There exists a definite problem with storage of samples prior to extrae-
tion and analysis. Apparently, the organic activity of the bacterial population
immobilizes PCBs in slimes deposited on container walls and fiber., An attempt to
control such losses has been to add formaldehyde to the samples, killing all biotic
activity. This has proven successful in lake and stream waters.(la)

EPA researchers recamend that the extraction step be performed on a vortex
mixzr in the original container. This is to give the solvent the maximum opportunity
to react with any of the analyte bound to the container walls. It also will assist
in reducing volatilization losses already shown to be potentially large by the
Institute of Paper Chemistry. (12) Similarly, it has been recammended that all
transfers of materjal during the pre-analysis manipulaticns be kept to an absolute
minimm,



Limited intercalibrations have shown the drastic effects on precision
" and accuracy which the small differences in sample handling and storage can have.
Gne IPC study showed 3 laboratories reporting 21.5 ppb, 102 ppb and 180 pgb on a O
split effluent sample. But while other samples showed as large percentage ’
differences, there was no regularity in the laboratories reporting high or low on
a given sample. 'IPC and others are working in the vicinity of a 0.1 ppb detection
limit in effluent samples. Most of these intercalibrations tock place at concentra-
tions far above the detection limits so noise in the'analysis is small campared to
irreqularities introduced by storage and handling.

" - Quantitation of the chramatogram is a difficult process for the complex,
mlti—peakedplotsgivmbyPCBs Paper mill effluents often show interfering
peaks caused by non-PCB materials. Recourse to mass spectroscopy analysis is some-
times necessary to separate these interferents, Smemval:.saccaupl:.shedby
. sample oxidation with chromium trioxide, but many peaks can remain and a qualitative
assessment of the chromatogram by a trained perscn must be employed. The possibility
of mis-identification is real, but the altemative use of the GC-mass spectrometer
is often too expensive to be considered for routine use.

The contimiing decline in PCB concentrations in effluent, sludge and
pm&ctwﬂlrequkeacmﬁ:@agimcvmmdetectimlﬁutsaﬁsa@leueat-o
nenttedmiquén.

A detailed treatment of analytical techniques for PCBs in paper products
amipapermillefﬂumtsisprsentedinl\efereme (12).
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4.0 WWMIWPQMMPAPERMML
EFFLUENT STREAMS

4.1 ‘Backgrouwd
The major apparent cause of PCBs inttﬁ.s'industryistheuse,
until 1972, of Aroclor 1242 in carbonless copy paper. A significant por-
tion of this paper has gone through at least cne recycle resulting in the
PCB contamination of the effluents enanatmg fzun these faClllt.'Les.

'mreenajortypesofpaperreqchngmllsmtlyemst
in the U.S. They are:

(1) Mills producing paper products with deinking process;

(2) Mills producing paperboard from wastepaper; and

(3) Non—-integrated mills producing tissue paper from

A mumber of mills in the paper recycling industry are so-called
caplex mills, i.e., mills which produce multiple paper grades. The basis
wsed for classifying camplex mills is the product and process which account
for the largest daily production capacity. Table 4~1 summarizes the
distribution and the production of the paper recycling industry in the U.S.

The general process used in the paper recycling industry is
palping and deinking (only for deink mills), pulp washing, bleaching (not .
for paperboard mills), screening and cleaning, and papermaking. PCBs can
be released from the recycled paper in any or all of the above process
steps. Thewaterusageofadej:ﬂdngplantisla.rgeandcanafm\mttoGS
percent of the total usage of the entire mill., Water used in pulp washing
is generally done in a counterflow system which allows maximum potential for
water reuse. Same characteristics of the «ffluent streams are shown in
Table 4-2. Data on the PCBs level in the effluent streams for this industry
are discussed in Section 3.3.

Tedmologies for the removal of PCBs £rom industrial waste—
waters were evaluated and described in a previous report.(lg) Carbon
adsorption in conjunction with pretreatment (equalization and multimedia
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TABIE 4-1

SUIMMARY OF DISTRIBUTION AND PRODUCTION
OF THE PAPER RECYCLING INDUSTRY!

No. of Annual
Category Plants in U.S. U.S. Production
kkg (ton) Ay

1. Deink 17 1,000,000 (1,100,000)
2. Paperboard from 165 6,900,000 (7,600,000)

wastepaper
3. Non-integrated Not Available® Not Available?®

tissue papers

from wastepaper

without deinking

'Source - EPA reports 440/1-76/047-a and 440/1-74/025-a
2average of 4 plants

Annual Average
Plant Production

kkg (tan) fyx.
58,800 (64,600)

41,800 (45,900)

11,680 (12,800)2

“Yere are a total of 72 non-integrated tissue mills in the U.S. with total
capacity of 6,300 kkg/day (6,900 tons/day). No information was obtained as

to how many plants actually recycle wastepaper



TABIE 4-2

EFFLUENT CHARACTERISTICS OF THE
PAPER RECYCLING PIANTS!

Category Effluent Flow Rate
1,000 1/kkg of product (1,000 gal/ton)

1. Deink range, 55.5 "(13.3) - 93.0 (22.3)
_ average, 74.0 (17.8)
2. Paperboard fram range, 5.0 (1.2) - 68.4 (16.4)
wastepaper average, 30.0 (7.2)
3. Non-integrated range,  27.9 (6.7) - 79.2 (19.2)
ﬁﬁm average, 53.6

'Source - EPA reparts 440/1-76/047-a and 440/1-74/025-a.

{BOD], mg/1l  [TSS], mg/l
40 - 197 45 - 141
92 97
9 - 82 40 - 83
46 164
146 - 411 Not available
279 Not available

g



filtration) was recammended as the best current candidate for the removal

of PCBs from the wastewaters to the 1 ppb level or below. ost information

generated in this report for the treatment of paper recycling mill effluents O
is based upon the pretreatment and carbon adsorption cost curves of Figures 4-1

and 4-2 which were taken from that report. (1)

In the analysis which follows, we have taken the general view that
sufficient PCBs will be present in soluticn in the wastewater to warrant considera-
tion of carbon treatment down to the cne ppb level. As was discussed previocusly,
it is conceivable that a sufficient fraction of the PCBs present will be removed
with the solids during filtration so that the one ppb can be reached without
resort to- further treatment by carbon or any other technique (uv-ozone, etc.).
Similarly, we have assumed, for the purpose of cost estimation, an end-of-pipe
treatment without regard to any treatment (to reach BPICA, etc.) already in place.
I.neﬁsqnce., then, the following should represent a worst-case situation.

4.2 Plant PCB Wastewater Treatment

The treatment system designed to remove PCBs from wastewater
is capable of handling all possible contaminated flows. A schematic flow
diagram for this treatment system is given in Figure 4-3. ~Since there O
can be a wide variation existing in these flows, a flow equalization basin
is necessary to provide a near constant flow downstream to any downstream
treatment unit cperaticn.

In the equalization basin, suspended oils and immiscible sol-
vents will separate and rise to the surface. Suspended solids will either
rise, fall or remain suspended depending on their densities and particle
size. It'has been found that suspended solids will absorb PCBs cn their
sxmfa.czaﬁdtt&eearezmedeitherintheequa]izatimbasinorbytre
subsequent filtration. Any heavy material collected from the bottam of
the basin would be drummed and sent to an incinerator for decamposition
of PCBs. The floating liquids would be removed by a belt skimmer and
drumed for subsequent incineration, since these oils could contain high
concentrations of PCBs. It is assumed that PCBs will enter the equaliza-
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tion basin at an uwnknown concentration and leave it at 200 ppb, and that filtra-
tion will reduce the PCBs level to 50 ppb. Subsequent terminal treatment

systems, i.e., carbon adsorption will reduce this PCBs concentration O
to 1 ppb or less. Plants which already have treatment for suspended :

solids and discharge less than 50 prb of PCBs in their effluent streams

may install the carbon absorption system only.

4.3 Cost References and Rationale

- -~ - The basic assumptions and rationale employed in developing the
wastewater treatment costs in the paper recycling industry for PCB
removal can be sumarized as follows:
(1) Costs are developed for "representative plants" rather
than any actual plant. "Representative plants" are
defined to have a size, age, and wastewater flow
agreed upon by a substantial portion of the manu—
facturers in this category. In the absence of such
information, the arithmetic average of production
size and wastewater flow for all plants is used.
It should be noted that the unit costs to treat O
wastes at any given plant may be considerably .
"higher or lower than the representative plant
because of individual circurstances. Extra-
polation of these costs to the entire industry
would very likely be unrealistic.

(2) The costs for the end-of-pipe treatment for PCBs
- are assumed to be essentially proporticnal to the

volumetric flow rate of the wastewater. The treat-
ment costs developed in the previous repcrt(lg)
Tor PCB-reival ife reasseibled and fresented . _
in Figures ¢-1 and 4-2.
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(3) Very limited amounts of information are available
in the effluent and the kinds of treatment presently
employed. Therefore, the estimated total anmal
cost for PCB wastewater treatment of a representative
plant is based cn the "worst case” conditions. It
was assumed that "representative plants" employed no
terminal treatment for PCBs removal and practiced no
segregation of wastewaters containing PCBs from other
in-process use waters.

(4) Costs are developed separately for the pretreatment
(equalization and miltimedia filtration) and the
carbon adsorption treatment of PCBs.

(5) The capital cost is based on 8 percent interest over .
a period of ten years. If the supply of waste paper
with substantial PCB content stops before the ten-
year period is up, the capital recovery cost will
increase substantially.

4.4 Cost Development

Three major categories are identified within the paper-
recycling industry (see Section 4.1). The costs of wastewater treatment
are developed for each individual category. Costs for pretreatment and
carbon adsorption for each category are shown in Tables 4:3 through
4.5, The capital costs, operating and maintenance costs (excluding

——— e — ———— o - ——

- —_— . — ey —-

power) , and power costs are taken directly from Figures 4-1_and 4-2

at given wastewater flow rates. Throughout the analysis represented by
Tables 4-3_through 4-5, annual capital recovery costs were calculated
based upon a ten-year lifetime and an 8 percent interest rate, consistent
with the earlier :efert-mce.(lg) The capital recovery factor was thus
estimated to be 0.15. All cost estimates contained in this report are

based an 1976 dollars.
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TABLE 4-3

QOST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY: ' Deink Paper Manufacture

PIANT SIZE: 58,800 Metric tons of product/year

FLOW: 8,210 1/min (2,170 GPM)

Treatment Costs, Dollars

Type of Cost Pretreatment

Invested Capital Costs:

Total - 4,600,000

Annual Capital Recovery 690,000
Operating and Maintenance Costs:

Annual O&M (excluding power 78,000

and energy)

Annual Energy and Power 58,000
Total Annual Costs 826,000
Cost/Metric Ton of Product $14.11

ferminal Treatment via

Total

Carbon Adsorption Treatment System
860,000* $,460,000
129,000 819,000
250,000 328,000

17,000 75,000
396,000 1,222,000
$6.78 $20,89

*Actual costing on a specific mill showed that this amount could be raised by 275% in an

individual case.
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‘TABLE 4-4

O0ST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY ; Paperboard fram Wastepaper
PLANT SIZE: 41,800 Metric tons of product/year

FIOW: 2400 1/min (630 GPM)

Type of Cost

Invested Capital Costs:
Total
Annual Capital Recovery

Operating and Maintenance Costs:

Annual OsM (excluding power
and energy)

Annual Energy and Power
Total Annual Costs

Cost/Metric Ton of Product

Treatment Costs, Dollars

$6.50 . $3.43

- Texminal Treatment via Total
‘Pretreatment o Carbon Adsorption - Treatment System
1,500,000 260,000 1,760,000.

225,000 39,000 264,000
32,000 100,000 132,000
16,000 5,000 - 21,000

273,000 144,000 417,000

$9.93



TABLE 4~S

COST ANALYSIS FOR A REPRESENTATIVE PIANT

CATEQORY 3 Non-integqrated Tiassue Paper fram Wastepaper
PIANT SIZE: 11,680 Metric tons of product/year

FLOW

Type of Cost

Invested Capital Costs:

Total

Annual Capital Recovery
Operating and Maintenance Costs:

Annual OsM (excluding power
and energy)
Annual Energy and Power

Total Annual Costs
Cost/Metric Tan of Product

1,200 1/min (310 GPM)

Treatment Costs, Dollars

Perminal Treatment via
Pretreatment Carbon Adsorption

Total
Treatment System

860,000 140,000
129,000 21,000
19,000 60,000
8,000 2,600
156,000 . 83,600
$13.36 $7.16

1,000,000
150,000

79,000

10,600
239,600
$20.52



|
A sumary of cost estimates for PCB removal at different in-
put PCB levels iS given in Table 456.” A Summary Gf total capitdl invest-

ment cost information for PCBs from paper recycling mill effluent is given

in Table 4-7. Based upon the information contained in this tahle, this
industry, as a whole, would have to invest up to an estimated maximm of
$366,700,000 to achieve a PCB limitation of 1 ppb in their wastewaters.
There is also an anticipated $94,120,000 of amnual treatment cost for the
removal of PCBs from this industry. Table 4-8 is a sutwary of the treat-
ment cost of PCB removal. The estimated annual treatment costs correspond
to a three to five percent increase in the selling prices of products frum
this industry.

Depending on the amount of pretreatment required to decrease
the suspended solids to a point where fouling of the charcoal beds could be
avoided, costs could escalate severely. Such would be the case for efflyents

fram deinking operations where fines loading can be heavy and particle sizes
quite small.
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TAELE 4G ~

{

SIMMARY OF ESTIMATED CARBON ADSORPTION
TREATMENT QOST AT DIFFERENT INPUT PCB LEVELS

Estimated Ammual Carbon Adsorption Costs

[PCB] Input

50
40

20
10

$/kg of PCB Ramoved ($/1b)

Deink Paperboard . Tissue
1,870 (850) 2,330(1,060) 2,730(1,240)
2,350(1,070) 2,930(1,330) 3,430(1,560)
3,160(1,430) 3,940(1,800) 4,610(2,090)
4,820 (2,190) 6,020 (2,730) 7,030(3,190)

10,200 (4,620) 12,700 {5,770) 14,800 (6,740)
22,900 (10,400) 28,600 (13,000) 33,400 (15,200)
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TABLE 4~7

SUMMARY CF CAPITAL INVESTMENT CF PCB
REMOVAL FROM PAPER RECYCLING INDUSTRY

Total Capital Investment
in Industry,' Dollars
Pretreatment Carbon Adsorption Total

Deink 78,200,000 14,600,000 92,800,000

Paperboard fram 247,500,000 6,440,000 253,900,000
wastepaper

Nen~-integrated 17,200,000 2,800,000 20,000,000

tissue paper from
wastepaper without

Total 342,900,000 * 23,800,000 366,700,000

lassume all plants in each category have production rates similar to
the representative plants.
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Category
Deink

Paperboard from
wastepaper

Non—-integrated
tissue paper fram
wastepaper without
deinking

!Personal cammnication between C.V. Fang & Mr. Zamzag -

TABLE 4-8

SUMMARY OF QOSTS OF PCBs REMOVAL
FROM PAPER RECYCLING INDUSTRY

Annual Cost as Total®
Total Present percent of . Annual Cost
Annual Costs Selling Price Selling in Industry
($/kkg of product) ~ ($/kkg of product) " Price " ($/yx)
20.89 440 - 550" 3.8 - 4.7 20,900,000
9.93 © 220 - 330° 3.0 - 4.5 68,500,000
20.52 Not available?® Not available®  4,720,000°

Total - 94,120,000

Bergstram Paper Co.

?personal camunication between C.V, Fong & Mrs. Pell - Montveil Paper Co.

SNot available at the present time. Potlatch Corp. will forward this infornmation in the future
“Total annual cost . s cbtained fram multiplying total annual production by annual unit cost.
5Assune 108 of the total U.S. tissue production is attributed to this category.
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5.1 m::goseandd:jecuvesofmdelnevelopmt
Altmughitisgenerallyagreedthatthemjorinp;tofPCBsintothe
paperindustryhasbeenﬂmughrecyclingdfMZRcarbmlesscopypaper (and this
view is strongly supported by evidence presented previously in this report),

thereareammberofquesumsconcemmgmmthmmmstrywhmhhavemt
been answered:

A) Bow long will PCBs from NCR paper continue to cause
significant product levels of PCBs?

(2) How long will paper mill effluents continue to exhibit
PCB levels of significance?

(3) What are the chances for "hot spots" of PCB levels in
products and effluents due to locally h:.gh concentratmns
of NCR paper in recycled fiber?

(4) Are PCB levels in intake water significant at present in
canparison to levels fram NCR paper, with regard to
product and effluent levels?

The purpose of developing and exercising a model of PCBs involvement
in the paper industry was to cbtain the best available answers to the above
questions. By necessity, the model takes a simplistic material balance form;
the major limitation of the utility and accuracy of the results cobtained arises

fram the almost camplete lack of data on process stream PCB levels and the extremely

limited set of data concerning effluent and product concentraticns: of PCBS.
However, the model does appear to be consistent with available information and
does predict the PCB cancentrations in various paper products and in the effluent
water from paper processing plants in temms of the amount of input PCB accepted
with the raw material and contained in the intake waters.

The effluent prediction is based on a constant distribution factor be-

tween the product and the effluent. Data available on sludge, -effluen.t and pro-
ducts place this distribution coefficient in the vicinity of 1:1000, effluent



to product. The actual PCB concentration in the effluent entering the receiving
stream will reflect the treatment process at a given site,! With a more rigorous Q
approach to the distribution coefficient, ane would be able to narrow the limits

of predictability considerably. We have aimed at the center of the array in order
to maintain a tie to "average"™ conditions.

At all times it is realized that the model is anly a general one; no
attampt has been made to apply it to a particular mill. A simple mass balance
calculation with known ECB inputs, water flows and production outputs would be a
straightforward task for a given site.

The model does show that a mill which accepts NCR cartonless copy or
canverter scrap, has poor suspended solids removal and has a high PCB level in
its intake water might be capable of producing a high PCB effluent as a local
"hot spot”. Pmsaxtvaluesforrecycledmstepaper(s) mdlcateth:._sl;keh o

hood to be contimially decreasing., However, the expected frequency or severity
~ of hot spots cannot be fully addressed because of lack of data.

5.2 First Qrder Model of Paper Industry
5.2.1 Assumptions Q
The model is based upon the following assumptions:

1) 'ﬁaet:npr:‘:naryscurcesof?@tothepaperindustzy
are:

a) NCR carbonless copy paper made between 1957 and
1971 and its associated converter scrap at 3.4%

PCBs by weight; and
b) ‘The PCB load of the intake waters, taken to
average 0.1 ppb.

2) A secondary source is PCBs already existing in recycled
paper due to la and 1lb above.

3) The routes of PCBs out of the paper industry are limited
to:
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4)

5)

6)

a) Product

b) Effluent

c) Sludge and other solid wastes (or process loss)
d) Evaporation

Most of the PCBs in the paper industry remain associated
with the fiber, either as product or as sludge. This
appears to be due to the presence of PCBs in microspheres
used in the NCR paper plus the low solubility of PCBs in
aqueous solution and its preferential association with
surfaces and organic rich interfaces. In same cases PCBs
found in industrial effluents are almost quantitatively
associated with the suspended solids.

Evaporative losses of PCB will depend to a great deal on
the integrity of the capsular form. Industry experts have
been quite unanimous in their agreement that capsular
breakage would be small. The evaporative losses intimated
by scme of the mass balances attempted at the Institute of
Paper Chemistry are very small compared to the amounts of
PCB moving through the systems. As a result, we have
chosen to neglect evaporative losses in the treatment of
the model since any assessment would be fragmentary at best.

Contributions of PCB by inks or adhesives are negligible
and rot considered to be large enough ‘o affect even a
locate distribution. Based on the estimation presented
in Section 3.1, the upper bound of PCBs into paper products
cther than the NCR paper appears to be an the order of
50,000 to 100,000 pounds, much less than one percent of
the total PCBs usage in the NCR paper during the same
time frame. Thus, non-NCR PCBs should be negligible with
regard to the model.
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7) PriortolSS7,wkmNCRcartmﬂ.essccpypaperwasintm—
duced, the PCB content of paper products would have been
controlled by the PCBs carried with the intake water. The O
effluent would have been cleaned by the passage of PCBs
fram the water to the fiber during the pulping and paper
nﬁ]dng;mccas. Total transfer for a typical process would
have produced a paper with a PCB concentration of 0.02 pmm.
Based on this consideration, and the realization that pre-
" sent day detection limits for PCB in paper are in the
vicinity of 0.1 pmm, the model has been exercised neglecting
the intake water contributicn.

8) The two routes for PCB return on NCR paper are:

a) As part of the recycling waste paper stream in
"mixed” or deinked grades of paper stock.
bl As converter scrap purchased by mills that use
it as furmish (raw material).
Other assumptions or specific decisions made in developing the
mdel will be indicated at the point where the information is used or the O
equation described.
5.2.2 Model Structure

The first order model is an overview of the industry as a whole.

Mass balance considerations are utilized to develop a "one-box" representation.
Such a treatment avoids the camplexity of the actual recycling web, and applies
the limited data on PCB concentrations of waters, product and sludge to produce
a first lock at the time rate of change of “B levels in average product as a
result of the growth and eventual cessation of NCR carbonless copy paper in the
recycled waste stream. This admittedly simple approach serves as a foundation
upon which to further divide the industry, as well as providing a qualitative
validaﬁmofnanyoféheawepteddscripdmsof?@occunencewithinthe
industry.




Figure 5-1 shows a schematic representation of the first order
paper industry model, where:

E(t) - evaporative losses of PCB. These losses are yet to be assessed on
'mﬁmmm.descale, but early indications are that they are
not dramatic. Any such losses would have the effect of lowering
product, effluent and sludge PCB concentrations, but would not
change the relationship between these.

V(t) input of virgin wood pulp. Virgin wood has been found to be
relatively free of PCBs, but may pick up some from the water used
in the pulping stages.

intake water. Census Bureau data for total water usage are relied
on. The typical intake water PCB concentration is taken to be 0.1
peb. This value is probably an upper bound on a natural water
and nonetheless turns out to have only a small effect on PCB con-
centraticns found in the paper industry.

Win 49

S(t)

sludge ocutput. This is the amount of process loss going to sludge.
It is inferred that sludge ocutput is proportional to the production
rate and has the same concentration of PCBs as the product.

R(t) amount of paper stock being recycled. The average lifetime of paper
rroducts is taken to be 1 year before recycling. Hence the concentra-
tion of PCBs in the paper stock is assumed to be that of the previous

year's product.

Woue (£} - effluent water. It is generally held that PCBs in the effluent are
strongly associated with the suspended solids. In the present case
the effluent can be considered what might typically remain after
primary treatment, removal of settleable solids and same suspended
solids. How much removal occurs in an actual mill will depend on
the type and amount of treatment available. It has been assumed
here that the effluent PCB concentration is proportional to the pro—
duct concentration. The constant of proportionality would depend
on the treatment system efficiency for solids removal. But in



-09-

b

PAPER Rit)
ﬁ
STOCK

—————m—
Y

vit) ———————

Win (e

Nit) ——f

PAPER
INDUSTRY

e B W (1)

lsm

Figure 6-1. SCHEMATIC OF FIRST ORDER MODEL OF PAPER INDUSTRY

9



P(t)
N(E)

any case, the effluent concentration predicted by the model gives
an idea of the PCB which might escape into the envirorment with~
out further consideration and treatment.

annual production of the industry.

PCBs introduced to the paper industry as a result of NCR carbon-
less copy converter scrap and recycled used sheets. While NCR
production figures for carbonless copy paper and its PCB content
are known, the amount recycled fram office and other cammercial
institutions or from converting operations can only be guessed

at. Converter scrap varies between 10 and 15% (15% was the figure
used in an A.D. Little Paper Industry study) for printing and
writing gradeé.(zm However, much of this scrap was recycled
in-plant, back into NCR carbonless forms - this amount could not be
estimated by personnel at Mead (the manufacturers for NCR). Shade
Infomration Systems, Inc., a converter of carbonless and a supplier
of post-consumer office waste, in testimony before the Department
of Natural Resources in Wisconsin, estimated that 10% of all office
waste is presently recycled, that of this recycled paper, 10% came
fram old files and 90% from yearly usage, and that the average life-
time foar files is three years.(n)

According to Mr. Ed Nastar of the International Business Fomms
Association, the major uses for carbonless paper are in invoices and
custamer statements with tax forms using a lesser amount. If one
extends the Shade estimates to include commercial establishments like
stores with offices then cne can use the same estimates for carbon-
less paper: 10% .f each years production is eventually recovered with
90% of that recovered coming fram the previous year and the other 10%
coming from old files with a three year half life. These estimates
are used in the model. (To show the sensitivity of the model to the
NCR recovery rate a 20% figure will be presented). Table 5-1 shows
NCR production from 1957-1971. '

-
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Table -1 _
PCB Used in Carbonless Copy- Paper

PGB in NCR Paper Manufactured

Ygr_ go‘o Pourds)
1957 58,7
.1958 ' 77.9
1959 101.9
1360 114.9
1961 _ 164.3
1962 195.3
1963 228.1
1964 270.5
1965 348.9
1966 424.6
1967 435.5
1968 580.1
1963 627.8
1970 661.1
1971 126.6
1972 0
1973 0
1974 0
1975 0
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Since the amount of old NCR carbonless recycled into the in-
dustry can only be estimated and few measurements on other than recycled box-
board exist by which to validate the figures, the exact lewvels predicted by the
model should be regarded with caution. Nonetheless, the model does reflect the
trends and dynamics of PCB involvement in the industry.

The PCB mass balance equation for the First Order Model is

written:
R(t)Cp(t-1)HN(t) W, (B)Qw, (t) =
P(LICp(t)+5 (L) Cp(t)Hi_, (t) Ot ()
where:
Cp(t) = PCBs concentration in product for year t.
Cwin = PCBs concentration in input water (taken to be 0.1 ppb)
Cwout(t) Z PCBs concentration in effluent = A Cp(t) where A is a

constant dependent on the level of suspended solids.:

InEPAdata(l' p. 84) the suspended solids are shown to range fram 500 ppm in
non-deinked paper mills to 1700 pmm in deinking effluents. Considering that the
best available technology is not uniformly used now or in the past, 1000 pmm is
assumed for a suspended solids load, and the model is exercised with \ at .
From Jchn Strange Paper Co. data a A of —g—was obtained while Ft. Howard informa-

. 1.1 . 1.2 1000
tion indicated A at 1506 to 1505 °

and: S(t), the sludge ocutput is taken to be proportiocnal to P(t). That is:
S(t) = £(t), where £ is the proportionality constant.

A value of 4.5% was chosen for £, based on previocusly reported data for
process losses.(zz)

Rewriting the previous equation,

R(t)Cp(t-1) + N(t) + 10 1°win(t) = Cp(t) [o&s P(t) + lg__jwout(t)]
1-¢ A
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As a simplistic first exercise - assume A = 0, i.e., all PCB is
retained by the product. let the N(t] assume three cases:

O

AI - 10% recovery
AII = 15% recovery (10% recycle + 5% converter scrap)
AIII - 25% recovery (20% recycle + 5% converter scrap)

Figure 5-2 shows the PCB concentration in the product for these three different

recovery rates. The NCR production is also plotted as a reference to show the
roll-off of the axves.

Immediately obvious is the direct and quantitative relation
between the NCR recovery and PCBs in the product. Product levels rapidly fall
below the 1 pxm level by 1973 or 1974, so that input water concentrations (Win(t))
appear to be campletely dominated by the NCR contribution.

mrthe.rinsightisgamedifﬂ:edataofAn(lS%remvery)are
plotted again with R(t) = zero; that is, if there was no recycling of product back
into the paper stock input. Figqure 5-3 shows the result of this exercise. For the
cveraummstrymderthesemnditims,ﬁ%maremvexyappeammbemspmsibleo
for about 83% of the PCB in the product. However, if broken down further, specific
segrents of the industry which utilize a large proportion of wastepaper in their
furnish would be expected to exhibit a larger dependence on the PCBs recycling to
the paper stock input.

The effect of process loss to sludge is easily demonstrated in a
tabular format. Table 5~2 shows the 15% NCR recovery data now allowing R(t) to
operate (i.e., recycling to paper stock) and A values of 0 (plotted in Figure 5-2),
1073, and 2 x 10 °. According to the data on Table 5-2, a A of 10 ’ (rati: of
PCBs level in effluent to TSS level in effluent) decreases the PCBs lewvels in the
product by enly about ten percent from those at zero PCBs in the effluent (A = 0).
A further reduction of six to ten per cent in product PCB levels results from
application of A = 2 x 10 °. As further internal reuse schemes for white water

mroliferate a contimuing decrease would be expected in both suspended solids and
" A. All peripheral factors point to a contimuing association of the majority of
PCBs introduced into the system with the product.

O
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1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1370
1971
1972
1973
1974
1975

Table 5-2

PCB Concentration in Product (ppml

=

0.48
1.58
2.15
2.66
3.20
3.96
4.58
5.04
5.68
6.76
7.69
. 8.08
2.18
10.20
8.03
2.83
0.86
0.45
0.33

x=10 3

0.43
l.41
1.93
2.39
2.88
3.58
4.15
4.39
5.28
6.21
7.04
7.42
8.46
9.40
7.40
2.61
0.80
0.42
0.30
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A=2x10 3

———————

0.39
1.27
1.75
2.16
2.62
3.26
3.79
4.20
4.85
5.72
6.49
6.86
7.85
8.72
6.86
2.43
0.74
0.39
0.28



This general overall look at PCBs demonstrated the following:

a) A 1970-71 peak in product PCB concentrations corresponding O
to maximm PCB usage in NCR paper plus a cne-year or less
dalay:.nreadungna:ummP(Blevelsmtherecyclmgst:eam

bl With the cessation of NCR production the drop off in pro-
duct PCB was rapid. Different specific industry segments
would show a different drop off rate (this is investi-
gated with the second order model).

¢c) Using reascnable choices for the adjustable constants,
the major source of PCB is the NCR carbonless paper's
direct input to the industry. Further recycling of
paper contaminated by recycled NCR input has a relatively
small effect on the concentration cbserved in the pa;
product. - '

d) It is difficult to assess the quantitative effects of
such industry responses to the PCBs problem as elimina-
tion of deinking grades as furnish for food board. There
is no doubt that within a specific segment of the in- Q
dustry such activity was beneficial. In the overview
of the first order model, however, these effects cannot

" be separated out. The model as developed exhibits an
overrhelming response to the NCR carbonless recovery
rate which would immdate any analysis of a finer internal
structure.

5.3 Second QOrder Model of Paper Industry

5.3.1 Industry Categorization for Second Order Model

The cbvious industry categorization useful to a more detailed
industry analysis is paperboard; paper; and construction paper and board. The
latter segment includes portions which use 100% recycled paper stock (construction
_paper) and others which use little, if any, recycled paper stock (construction
board) and can be further subdivided on this basis. Figure 5-4 shows schematically

O
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the five categories selected and the flows of products returning to these industry
segments in recycled waste streams as well as other inputs, products, and dis- O
charges, Figure 5-4 is thus essentially a schematic diagram of the second order
mdel. 2Anmual producticn data from 1957 through 1974 for each of the five

industry segments are presented an Table 5-3.

Segment I, paper, has a product ocutput approximately equal to
the sum of segments II, IIT, and IV. This should be remembered when cne assesses
the total load of PCB associated with the production of a given segment. The
load will be PCB concentration times the output.

Segment IT, combination boxboard and chipboard, is based on a
raw material which is 100% recycled. Historical PCB data (back to 1971) exists
for combination boxboard. Almost all of the deinked paper stock (ledger grades)
went into box production prior to 1971; also, most of the mixed grades and pulp
substitutes went into box production. As a result, most NCR paper entering the
general area of paperboard would probably wind up associated witn campination
boxboard and chipboard. Chipboard is included since sufficient data were avail-

able an this category, (%) But chighoard is less than 108 of this segment's _

Segment IIT contains those items which are primarily made fram
virgin wood or recycled product fram Segment IIT.
Segment V, construction board, uses all virgin wood and is not
recycled.
Segment IV is a camposite segment, the camponents of which have
the following characteristics:
a) All use a high percentage of mixed waste which could
contain NCR sheets.
b) Many products are used in building applications which
precludes their entry into the recycled waste stream.
c] The tube, can and drum camponent is not likely to be

recycled, though it has an open usage different than




Table 5-3
Anmual Production for Industry Segments (10° tons)

e i v
Boxboard Construction
I & IIT Papers and

Year Paper Chipboard Containerboard Others
1957 13.6 3.9 - 8.9 2.7
1958 - 13.5 4.0 8.8 2.8
1959 15.0 4.2 9.8 . 3.1
1960 15.4 4.2 10.3 2.8
1961 15.7 4.3 10.9 3.0
1962 16.5 4.3 11.6 3.1
1963 17.3 4.4 12.2 3.2
1964 18.2 4.5 13.4 3.4
1965 19.2 4.7 14.4 3.5
1966 20.7 5.0 15.9 3.3
1967 20.9 4.1 16.5 3.1
1968 22.4 4.4 18.4 3.5
1969 23.6 4.3 20.0 3.5
1970 23.6 4.1 19.7 3.5
1971 23.8 3.8 20.3 4.0
1972 25.4 3.9 22.4 4.3
1973 26.5 4.0 23.3 4.3
1974 26.9 3.5 22,2 4,2



5.3.2 Equations

The same definitions of mathematical terms hold for the second O
order model as for the first order model (see Sec. 5.2.2), applied an a segment-
by-segment basis. In addition, the second order model uses superscripts to
dencte associatirm with a particular industry segment. Other symbols used are:

¢, M (t) = PB concentration of virgin wood in industry segment 1.
cea)(t) £ PCB concentration in aquecus solution of effluent.from segment 1.
'mefollowmga:ebasedcnm_assqnptims:

c, Al ey = c, @) ey = ,.'w =W = ¢, = o

(1),_,(2)3(3)___(4)_(5);

R ) = 2@l) 2 @ ) = @ (g =¥ () 50
and,

@ yza, ¢ D O

c

Comat

Comnat e ®=x,c By where \'s are constants.
Coonst (4) ®)s 2, C 4) (t)

c

(5) (5)
e (1S A5 C U (R)

Since newsprint contains little if any PCB,
N3 e so0
N e 30
Prior to 1957,

After 1957 cne has these 5 unknowns, andé the following 5 equations:




@ N gre]70rG e, M s e, O ene2smM @ ©]

= [pD) (1)
= [P (£) + 8777 (8) + A W_

1) (t)] Cp(l) ()
21 N@ )+ [0.1511(21 ®)e, ) (¢-1)+0.20r2) Gt QL eany+
0.40r®! (tlcpal t-11+0.25R @ (1) (0)]

- [PCZ) ) +s@ ) +x2wout(2) ) ] c p(z) (t)

(this holds until 1971 at which time the paperboard segment greatly decreased their
usage of recycled paper. Thus, the coefficient of 0.20 for the paper portion of
the paper stock input is taken to be zero for years after 1971.)

3
oL [2®wc, @ e = @ @@ wag @ ®] % w®

@ n® e +[o.3sr® ¢, e-1+0.40r™ (e, @ (e-1) 40,258 (1) (0)]

= @ @@ g, W] c L8 @)

i PG 5) gy ] ¢ O
61 0=[2®ws® waugr, D w] P w

Notes: -

(a) From equation (5) cp(s) (£) = 0 for all (t).

(b) From equation (3) cp('” (£) = 0 for all (t).

() All A's are from .001 to .002. This allows us to ignore A terms since they
are so much smaller than the P(t) and S(t) terms.



Substitution yields:
Fram equation (1) Q

N wr0.700, 3 (e-1)2M 1) =[p @) (£)4s ) (t)] ¢, @

Fram equation (2)

) 1) ) 117 2(2) [y [o02) (2) 1~ (2)
N (1:)4-[o.zocp e1+0.15¢, 3 e 1ﬂ R (¢) [p @+ @jc ®
(The 0.20 constant drops to 0 after 1971 as noted above)

Fram equation (4)
N 140,354 w1c, P &1y = P9 @ ®)] ¢,

Bquations (3) and (5) are negligible, based on Notes (a) and (b) above.

533 Quantitation and Exercise of the 2nd Order Model

Mmahm'sstudyofl%Q—lQ?Opapersmdcusagewasusedastheo
basis for quantitating themde.‘l..(z:” This extensive study accounted for over 90%
of the wastepaper stock usage. It also tabulated the paper stock by type and
associated that with its end use. A mumber of other studies have since been based
on these figures; utilization of these data thus keeps the model on a samewhat
parallel footing for compariscn with the other studies.

The second order model is a good deal more camplex than its
‘predecessor in Section 5.2. To explore the effects of recycling on specific
segments of the industry it was necessary to subdivide the industry into identifi-
able sectors. This necessitated developing a reascnable set of criteria for
routing the recycled paper between these sectors.

»




The following additicnal assumptions were made:

1)
2)

3)

4)

5)

6)

7)

8)

Paper products produced cne year are considered to be recycled the next.

The paper stock percentages of various inputs were taken to be constant
over the period 1957 to 1974, except in the cambination boxboard and chip-
board category after 1970. In this category, industry reaction to PCB in
food packaging and the eventual FDA 10 ppm limit is reflected.

Each segment's percentage of the overall paper stock usage is constant
fram 1957 to 1974 using the 1969 percentage. The model is quite in-
sensitive to changes in this parameter.

Recycled newsprint is considered to be PCB free. Newsprint is produced
primarily fram virgin fiber, and the only paper stock used in newsprint
is other newsprint. Consequently, no PCB fram NCR paper should be intro-
duced into this segment. Measurements by Hazleton Laboratories in 1972
confim low background values of PCBs in newsprint. (®)

Since newsprint is only a small percentage of paper output it was not set
aside as a separate category. However, newsprint is a sizeable fraction
of the recycled waste stream and here it was accounted for separately.

Containerboard uses very little paper stock, and what it does use is old
containers or container clippings. (This excludes gypsumboard, chipboard,
and recycled tube, can and drum segments). We therefore approximated
paper stock in this subcategory to be 100% container. This implies that
containerboard will be PCB free.

centration as the product. The process loss estimates are those previcusly
published for 1970.(22)

Bureau of Census data was used to obtain values for total paper stock
recycled.

The model is very sensitive to the total amount of NCR carbonless copy paper
recycled into the industry, and to its distribution within the industry. Un-
certainties in these affect the details of the model, but not the general
trends.



9)
10)
1)

121

13)

Virgin wood contains negligihle PCB.
PGB concentration of input waters is taken to be 0.1 ppb.

Evaporative losses are not considered for the reasons given for the first

order model exercise in Section 5.2.

m"nﬁ:ed"categozyofvr_astepape:imludes#larxd#Zmixed, super mixed,

bexboard clippings and mill wrappers. The amounts of each going into "mixed"
in 1969 was investigated by other workers. 29723) paper stock dealers inter-
viewed indicated that "mixed" paper was usually office waste with the follow-

mgappa:mumateaxpos:.tmn

- — e - o — e -

Chosen for

Range (%) Model

0l4 Corrugated Cartons 0-15 10
Newsprint ' 10-25 20
High-Grade Printing & Writing 60~90 - 70

’melossofPCBsmsolutmnmefﬂuentmtersmassunedtobenegligible

campared to PCBs associated with the suspended solids.

The model is exercised for two distribution schemes for NCR paper as follows:

a)

The NCR received in a given year is assumed to be 5% of the converter scrap
from that year's production and 10% of the post consumer wastepaper. Of the
post consumer waste 9/10 came from the previocus production year and 1/10 came

from years prior to that.

(A three year half-life with exponential decay is postulated for the post

consumer waste NCR paper which is recycled more than 1 year after being

produced. This assumption is significant only after 1971.)

AllbftheS%M:Rcmverterscrapisassmnedtogointothepapersegnmt

of the industry. The cambination baxboard segment rejected it due to a

discoloration problem.

The recovered post consumer NCR was distributed according to the percentage
of printing and writing paper being recycled within each segment.

70% of

O
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themixedcategory%vas—t;ientobep:intingandwﬁ.tingpaperexcept

within boxboard paper stock where it iS estimated that 50% of the mixed
was actually boxboard clippings. About 2/3 of the deinking category is
taken to be printing and writing paper. The final breakdown of NCR in
thepaperstockforead‘xsegn'entthusbecares

' PAPER - 5% converter scrap -
3% post consumer

CI:MBD]ATICNBOXBOARDAI\DGEPBOARD - 3.5% post consumer

chSTHJCI'ImPAPER-35%postconsmmr

AftalB?Oﬂmeambinationbm:boardsegrmtdrasticalere@medﬂwuseof
ledgergxadepaéersandsamp:lpsubstitutes. 'Ihiswésind.lstry'sresponse
to eliminate NCR from inadvertently contaminating the foodboard grades. In
the model, the NCR entry figures for that segment are adjusted to reflect this
industry action. The NCR going into the paper segment may have increased its
percentage of NCR received as a result. Though this is not entirely clear, it
has been included in the second exercise of the model.

Fiqure 5-5 shows the respanse of the model. The rapid decrease in segment II
PCB levels after 1970 is evident. Concomitant reductions occur in segments I
and IV. While the latter two reflect the loss of the NCR carbonless copy
paver production, the former shows cessation of PCBs usage by NCR as well as
additional reduction caused by the industry action.
Asecondexe.rcise‘ofthenbdel shown on Figure 5-6, is made on the assumption
that 10% of the returning NCR is sent to the paper and boxboard segments
based on the use of deinking stock. The paper segment has not used mixed
gmdesandbo:boazﬂoffmlalsstatethattheuprod;cthasmtusedmmdgmdes,
although several references indicate scme usage.(2°'23) The second exercise is
perfommed with the assumption that the baxboard segment (II) does not use mixed
graizss, cther than boxboard clippings.

10% recovery of ma;tepaper Ais calculated at 9% the year after production, and
1% thereafter based on the 3 year half-life described earlier.
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The post~1970 reduction of NCR into the cambination boxboard segment is

included. The reduction in ledger grade usage by boxboard is assumed to

have been by half in 1971 and camplete stoppage thereafter. If the ledger
stream might have diverted to the paper segment upcn its rejection by the
boxboard (segment IT), the effect this would have had on the paper PCB is
shown by a dotted plot fram 1971 on in Figure 5-6.

Overall, we see the same general trends in both exercises
(Figures 5-5 and 5-6). The routing chosen for the returning PCB in the NCR paper
. effects the details of the product concentrations, as does the relative size of
the production cutput within each segment. '

In each scenario, the primary removal of PCB containing NCR from
production allowed a return of every segment to pre-1957 PCB levels in the products
~ by 1974 or 1975. This trend is reflected in the decreases shown by available data
in Table 3-2. The decreases documented are of the same general magnitude as produced
by the model. Data on "recycled wastepaper input"(6)} has reflected a drop to 0.15
pem in 1976, which is near the detection limit of the analysis for PCB in paper
products. ' '

5.4 Discussion of Model Results O

The results cbtained from exercising the model show clearly the over-
whelming dependence of PCB levels in both product and effluents upon the NCR paper
cantent of recycled fiber. According to these results, product levels of PCBs
resulting from the NCR paper should be less than cne pom by the present time (1976)
with the possible exception of the cambination boxboard and boxboard segment, and
of course, excepting localized hot spots caused by inclusion of small amcunts of
NCR paper in the fiber recovery stream. This result agrees with recent analytical
results on PCB levels in paper industry products. Product levels, effluent levels,
and frequency and severity of hot spots should contimue to decline slowly as the
PCBs in paper products are diluted further with virgin and less contaminated
secondary fiber.

. The ratio of PCBs concentration to TSS in the effluents had little effect
on product levels, as would be expected. Values of this ratio in the range of

O




0.001 to 0.002 appear to be consistent with available data on both effluents and
products. This result indicates that most of the PCBs entering the process exit
in the product and thus generally agrees with the analysis of Section 3.

The overall agreement of the results cbtained with the model tend to
support the varicus assumptions made. 2Agresment is reflected by comparison with
available data an both product and effluent PCB levels. Thus, the model as pre-
sented does appear to represent a reasonable and consistent material balance for
PCBs around the paper industry.

A distribution for incaming PCBs between product, effluent, and waste
treatment sludge can be calculated based on the results of the model. Using
the following values:

(1) PCBs level an product = 1 pom of solids

(2) PCBs an solids in wastes = 2 ppm of solids

(3) 90 percent removal of solids and PCBs in wastewater treatment
(4) 135 pom suspended solids in final effluent

(5) 0.27 pob PCBs in final effluent

(6) Zero loss throuwgh vaporization

The results ocbtained are:

Plant Percentage of Incoming Weight of ECBs Level Solids
Stream PCBs Contained Therein Stream* in Stream Content
Product 75-80 1 kkg 1 ppm 95-96%
Sludge 18-20 : 0.6 kkg 0.4 pom 20-30%
Effluent 2-3 100 kkg 0.27 pxb 135 pom

* Based on cne kkg of product.

The results cbtained indicate that an the order of 75 percent of the
PCBs entering a paper mill exit associated with the product. The values
selectad pimbably repz-'esamt more of a "best case" situation for a recycling
plant than a typical situation within the industry. The PCBs distribution should
vary from plant to plant and from product to product, but should not be nearly so
widely variable as suspended solids or PCBs concentrations, which are known to
fluctuate widely from day to day in a given plant.



6.0 COXLUSIONS z

The following conclusions are based on the evidence presented in this

repert:
1)

(2)

(3

(4)

(5)

(6)

)

(8)

The recycling of NCR carbonless copy paper was and still is the
anly major souwrce of PCBs into the paper industry.

PGB levels in paper products have been decreasing since 1972 and
apparently will continue to decrease under the inflvence of con-
tinued dilution of PCBs from recycled NCR paper.

PCB levels in effluents fram paper mills utilizing reclaimed
fiber have been decreasing in recent years, and will continue to
decrease, due to decreased PCB levels in reclaimed fiber plus
application of wastewater treatment technology.

PGB levels in sludges resulting from wastewater treatment may
be as hich as 10 - 20 ppm. Disposal of such material should be
pexrformed with care.

Application of carbon adscarption as an end-of-pipe method for
PCBs removal from wastewater in the paper recycling industxy
could increase product prices as much as three to five percent.
The proportions of PCBs present in intact micxaballoans in paper
products and in paper industry wastewaters are not known. General
indications are that more PCBs in the industry are encapsulated
than are "free" (released fram micxcballoans plus other sources).
The model generated to define PCBs imvolvement in the paper
industry represents a reascnable and consistent material balance
Accarding to the model, PCB levels in products and effluents are
sensitive only to the parameters associated with recycle of NCR
carbonless copy paper containing PCBs.




(9)

(10)

The product KCB levels cbtained fram exercise of the model agree
well with available data; the results indicate a steep drop-off
following cessation of PCBs usage by NCR and a continuing, but
less steep, decrease thereafter, Current product levels are in
the ane prm range (recycled fiber),

Within the limitations and assumptions of the model, on the order

of 75 percent of the PCBs entering the papermaking process exit
associated with the products.
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Table I. Relative (M - 1)° Peak Heights Obtained from
the Reaction of OH" with Equimolar Mixtures of
Aromatic Compounds?®:

peak peak
molecule ht. molecule ht.
toluene 0.4 ethylbenzene 0.5
m-xylene 0.8 isoprupylbenzene 0.2
mesitylcne 1.0 n-propylbenzene 0.8
2-methylthiophene 0.4 sec-butylbenzene 0.5
2,5-dimethylthiophene 0.5 n.butylbenzene 0.9
thionaphthene 0.2 3,4-dimethylcumene O.
@ All values + 20%. ® Normalized to m/e 119 from mesi-
tylene = 1.0,

drogens for any homologous series and the length of the alkyl
side chain, at least for the tirs: few family members. For
example, compare the series toluene/m-xylene/mesitylene,
isopropyl- and sec-butylbenzene with n-propyl- and n-bu-
tylbenzene, the series ethyl, n-propyl-, n-butylbenzene, etc.
It must be emphasized that the MS 1073 is not designed for
competitive kinetic studies, so that these preliminary data can
be considered only qualitative at best. However, they do
indicate that the relative sensitivities for low-boiling aromatics
essentially do not differ by more than a factor of two or three,
and there is some evidence that the response may flatten out
as the molecular weight increases, probably reflecting a
collision efficiency for proton abstraction approaching unity.
A comprehensive study of the rates and mechanisms of OH~
reactions with heavy aromatic derivatives is being undertaken
at NBS using ion cyclotron resonance mass spectrometry, and
hopefully these future results will provide definitive infor-
mation concerning possible quantitation of fuel samples by
the OH- CI technique.

ANALYTICAL CHEMISTRY, VOL. 51, NO. 13, NOVEMBER 1979 + 2238

CONCLUSION

The use of N,O--hexane mixtures to generate OH" reagent
ions provides a very useful and rapid method for screening
and characterizing the aromatic compounds in fuel samples.
When measurements are taken at low partial pressures of N,0,
the resulting spectra are undistorted by secondary reactions,
and the patterns appear to afford the same type of information
provided by low voltage electron impact with the exception
that benzene and naphthalene are not detected. An advantage
of the technique is the fact that the fuel samples can pre-
sumably be dissolved directly in any aliphatic solvent, without
any loss of low-boiling components, and immediately analyzed
without any pre-separation of the saturate fraction. Extension
of the method to compound classification will require a more
thorough examination of the relative rates of reaction of OH-
with substituted aromatics and heterocyclics.
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Interlaboratory Study of the Determination of Polychlorinated

Biphenyls in a Paper Mill Effluent

Joseph J. Delfino*

Laboratory of Hygiene, 465 Henry Mall, University of Wisconsin—Madlson, Madison, Wisconsin 53706

Dwight B. Easty

The Institute of Paper Chemistry, P.O. Box 1039, Appleton, Wisconsin 54912

Six laboratorles collaboratively studled a method for deter-
mining potychlorinated biphenyis (PCBs) in paper mill effiuemt.
In preliminary studles, the recovery and relatlve standard
deviation (RSD) for the PCB Aroclor 1242 added to and
extracted trom distilled water were 85.6% and 14.7%. re-
spectively. Because the RSD of data trom direct injection of
Aroclor 1242 solutlons Into the gas chromatograph was of
similar magnltude, 15.6%. gas chromatographic analysis
eppeared to provide the principal source of varlation In the
Overall determination. Participating laboratories achieved an
avorage 93.7 % recovery of Aroclor 1242 added to a paper
mill effluent; thelr data had a RSD of 16.0%. The resulls
hdicate that the method Is sallsfactory for use with paper mill
¢!fluents having PCB concentrations above 2 ug/L and it
tompares lavorably with findings from studies In other en-
vironmental matrices. Greater variation might be expected
hom elfluents contalning significant Interferences.

Polychlorinated biphenyls (PCBs) were formerly used in
carbonless copy papers, but this practice was terminated in
1971 (1, 2). Small amounts of PCBs. particularly the Aroclor
1242 mixture, are still entering paper mills which recycle used
paper fibers as part of their manufacturing process. It has
not been logistically nor economically feasible to completely
separate carbonless copy paper from the other waste papers
that are being recycled (I). Thus, until all of the PCB-
containing papers still in circulation cease Lo appear in recycled
fiber. small quantities of PCBs will continue to be discharged
in the mills' aqueous effluents. The amounts of PCBs dis-
charged can be lowered by reducing the suspended solids in
the effluent from the mill (3).

A procedure for determining PCBs in industrial effluents
has been issued by the Environmental Protection Agency
(EPA) (). !n our collabourative investigation, we medified the
EPA method t apply specitically to paper mill etfluents and
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aimed to document the precision of the modified method when
used in several laboratories. However, the modified method
described here has not been submitted to the EPA for
approval—an action that would be necessary if the data were
to be included in an EPA-required monitoring program.
Participants in the study included industry, universities,
independent labaratories, and government agencies.

The promulgated EPA method for determining PCBs in
industrial effluents involves liquid-liquid extraction, Florisil
cleanup (Florisil is a registered Trade Mark of the Floridin
Company, Pittsburgh, Pa. 15235), and electron capture gas
chromatography. Previous work has revealed deficiencies
when this procedure is used on in-mill process streams
containing large amounts of cellulose fibers (2). Complete
removal of the PCBs from cellulose fiber suspensions required
alcoholic KOH reflux of the isolated fibers subsequent to
liguid-liquid extraction. Samples of paper mill effluent for
PCB monitoring are typically taken following waste treatment.
Because a large percentage of the suspended fibers is removed
in the treatment system, these samples should not require
PCB isolation procedures beyond those specified in the EPA
method (4). Therefare, the procedure used in this investi-
gation retained many features of the EPA method (4) and was
judged suitable by the collaborators for the purposes of this
study. As described below, some modifications were incor-
porated to make the method easier to use on effluents in which
organochlorine pesticides were not expected or generally
observed in previous analyses.

EXPERIMENTAL

The interlaboratory study was performed in two parts. Phase
1 was designed to determine the comparability of PCB metho-
dologies in use in each laboratory and to assess the ability of the
particioating anaivsts to nerform the hacir nneratinns smnloved
in PCB determinations. Phase 2 consisted of application of the
modified metnod to determination of Aroclor 1242 in a paper mill
effluent. .

Phase 1. Each participating analyst was provided with
septa-sealed vials containing acetone solutions of Aroclor mixtures.
Each laboratory was asked to analvze the PCB mixture by (a)
direct injection into a gas chromatograph (GC) employing an
electron capture detector, and (b} addition of 1 mL of the unknown
to 1000 mL of distilled water followed by solvent extraction,
concentration, and then injection into the GC. Procedures for
these operations were left to the discretion of the analysta.

Phase 2, Validation of Sample Preparation Procedure. Prior
1o collection of papet mill effluent samples to be used for the PCB
determinations, a separate study was performed to evaluate the
study coordinator’s sbility to provide equivalent effluent samples
to each participant. Brcause PCBs tend to sorb onta suspended
solids, samples for collaborative study must contain equivalent
suspended solids contents. A large volume of paper mill effluent
was placed in a metal container and was mechanically stirred.
Aliquots {250 mL) were removed and sequentially added to each
of ten separate 2.5-L. glass containers. {(Bottles were rinsed with
hexane several times to remove possible contarninants before being
used for paper mill effluent samples. The hexane was drained
and the bottles air dried prior to use. Aluminum foil was used
o line the bottle caps.) The process was repeated ten times until
each 2.5-1, container was filled. Suspended solids were determined
on the contents of each container,

Instructions to Analvsts., Each analyst received twa 2.5-L, paper
mill effluent samples and three sealed glass ampules containing
Aroclor 1242, Two of the three ampules contained Aroclor 1242
in soocuane; one ampule was designated a “known™ and contained
13.6 ug/10 mL; the second ampule was an “unknown” and
contained 35.2 ug/ 10 mL. Participants were asked to analyze each
solution by direct injection into the GC. The third ampule
contained an unknown concentration of Aroclor 1242 in methanol
and was to be added directly to ane of the two paper mill effluent
sampie bottles. The ampule was designed to deliver 6.8 ug of
Aroclur 1242 directly into the paper mill efftuent sample hottle,

The study plan called for ench participant to divide the contenta

of one of the paper mill effluent samples into two equal portions.
Then, cach portiun was to be extracted and the Aroclor 1242
concentration of each portion determined by GC. Each analyst
was also instructed 10 add the ampule containing the 6.8 ug of
Aroclor 1242 to the second 2.3-L sample container, break the
ampule inside the container. mix well. and let this "spiked” sample
stand for 24 h before beginning extraction and analysis by GC.
As before, this “spiked™ effluent sample was also to be analyzed
in duplicate by dividing the 2.5-L sample into two equal portions
with each one being analvzed separately.

Determingtion of PCBs in Paper Mill Effluent. In the
promulgated method for PCBs in industrial effluents (4}, PCBy
and organochlorine pesticides are coextracted from the sample
by liquid-liquid extraction. A silica ge! microcolumn procedure
and standard Florisil column cleanup are prescribed for separating
PCBs from pesticides and for dividing the pesticides into sub-
groups. Because pesticides are unlikely constituents of paper mill
effluents and wete not of concern hete, the EPA method (4) vas
modified for use in this study by removing from the procedure
those steps necessary for extraction, separation, and determination
of pesticides. The features of the EPA method (4) which were
modified for application 1o paper mill effluent in this investigation
are:

(1) Hexane and petroleum ether {30-60 °C) were independently
shown by the collaborators to be suitable alternates to 15%
methylene chloride in hexane for separatory funnel extraction
of effluent. Hexane extraction has been shown to recover PCBs
almost quantitatively from effluents with low fiber contentas (2).
Solvents of higher polarity, such as methylene chloride in hexane,
exiract excessive amounts of non-PCB materials without im.
praving PCB recovery.

{2) To assure consistent performance of the electron capture
detector and to minimize down time for detector cleaning, all
extracts were subjected to Florisil calumn cleanup priar to gas
chromatographic analysia. .

{3) In addition to the specifications for Florisil columns {4),
ather ealitmn ginse ond amannte of Plaricil and cluting sclvaat
were acceptable for PCB determination provided that (a) all PCBs
were completely eluted, and (b) chromatogram quality signified
that samples had been adequately cleaned up. Elution of PCBs
from the Florisil colurnn with hexane or petroleum ether as well
as with 6% ethyl ether in petroleum ether was permitted. Use
of petroleum ether alone for elution is standard practice in
determining PCBs in paper and paperboard (5).

(4) The silica gel microcolumn procedure for separating PCBs
from pesticides was deleted from the method.

(5) Gas chromatographic column liquid phases specified in the
EPA method (4) include SE-30 or OV-1, and OV-17/QF-1. Other
silicone liquid phases used successfully for determining PCBs in
Phase 1 of this study included OV-17, OV-210, DC-200, OV-101,
QV-225, and equivalent SP phases. An earlier collaborative study
has indicated that several column materials are useful for PCB
determinations (6). Therefore, the phases listed above were
considered acceptable for this study. Also accepted were stainless
steel as well as glass columns.

(6) Unknown Aroclors were identified by matching retention
times and relative peak heights with peaks in reference Aroclors.
To ensure valid quantitation. amounts were injected such that
the size of the peaks from the sample and the standard were within
£25%. When quantitation was based upon peak heights, at least
four peaks were used.

RESULTS AND DISCUSSION

Phase 1. The results of the GC analyses of Aroclor 1242
in acetone are presented in Table I.  The average PCB
concertration (as Aroclor 1242) based on direct injection into
the GC was 1.47 ng/uL. representing an average recovery of
98% of the 1.5 ngsul present in the acetone solution.
Therefore, on the average, the results indicated that the eight
participants in Phase 1 had good GC technique ang could
quantify PCBs.

While the results of the direct injection experiment were
good, some variation among the analvsts was evident as shown
by the standard deviation (0.23 ng/ulL), relative standard
deviation (RSD) (15.6%) and range (1.05~1.76 ng/uL). While
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Table 1. Determination of PCBs as Aroclor 1242 in
Acetone Solution by Direct Injection and Extraction
from Distilled Water (Phase 1)

PCB
extraction
PCB by direct from distilled
analyst injection, ng/u L2 water, %
1 1.52 90.0
2 1.41 99.3
3 1.46 89.6
4 1.70 >100¢
5 1.59 114
6 1.26 106
7 1.76 70.1
8 1.05 100
average 1.47 ng/uL® 95.6%4
range 1.05-1.76 ng/uL 70.1-114%
standard deviation 0.23 ng/ul 14.1%
rel. std. deviation 15.6% 14.7%

9. Concentration of Aroclor 1242 = 1.50 ng/uL.

Represents average finding by direction injection = 98%.
¢ Treated as outlier as analyst was unable to quantitate
recovery except as reported. ¢ Data from analyst no. 4
excluded in statistical calculations.

Table II. Test for Determining Suspended Solids
Councentrations in Represencative Samples

suspended solids,

ryn mg/L
1 73.2
2 80.8
3 74.8
4 74 R
5 75.5
6 73.6
1 77.6
8 77.6
9 74.4
10 724
average 75.5 mg/L
range 72.4-80.8 mg/L
std. deviation 2.63 mg/L
rel. std. dev. 3.3%

this indicated more variation than might be desired in an
interlaboratory study, it is shown later that a RSD of 15.6%
is typical for PCB determinations involving environmental
matrices.

The extraction of Aroclor 1242 added to distilled water
resulted in an average recovery of 95.6%. This was satis-
factory, although the variation was again relatively high as
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indicated by the RSD (14.7%) and the range (70-114%).
Because this sample was free from interferences, the precision
represents that which s attainable under unusually favorable
analytical conditions.

The RSDs obtained in the direct injection experiment and
in determination of Aroclor 1242 added to distilled water were
of similar magnitude. Thus suggests that GC analysis provided
the major sources of between-laboratory variation in the
overall analytical scheme. Likely contributors to this variation
included: (a) use of different Aroclor 1242 standards with
slightly different PCB isomeride composition, and (b) use of
different quantitation methods, including measurement of
peak heights, peak areas, or weight percentages of individual
peaks (7-9). The contribution of different GC columns and
conditions is difficult to assess, although it was possibly
advantageous for the analysts to use their own columns which
produced familiar Aroclor chromatograms.

Phase 2. This phase of the study again involved deter-
mination of Aroclor 1242 by direct injection of solvent so-
lutions into the GC and, of greater importance, also included
determination of Aroclor 1242 in a paper miil effluent. The
effluent was studied as collected and after addition of a known
amount of an Aroclor 1242 standard.

The ability of the proposed sample collection procedure to
supply equivalent mill effluent samples for collaborators was
tested by determining if the procedure could provide samples
of equivalent suspended solids content. Results are given in
Table II. One analyst removed aliquots from each of ten
different 2.5-L sample bottles, filled as described earlier, and
performed the standard suspended solids measurement (10).
The data indicate that representative suspended solids
distribution could be achieved by the sampling technique,
since the RSD experienced was 3.3%. The published RSD
for suapendead snhirde determinations ranges trom V.10 L0 337
depending on the actual suspended solids concentration
present in the sample (10).

Known and unknown Aroclor 1242 concentrations were
determined by direct GC injection from glass ampules. The
results are shown in Table III. The known solution allowed
participating analysts to check their in-house standards with
one prepared by the coordinating laboratory and also provided
a reference standard to be used for the spiking, extraction,
and recovery experiment involving the paper mill effluent
sample.

The determination of the known and unknown PCB
concentrations by direct injection into the GC vielded es-
sentially the same average calculated recovery data, i.e., 98%
and 97%, respectively (Table III). However, the variation
among seven reporting analysts was somewhat greater for the
unknown standard solution (RSD = 12.6%) than for the
known standard solution (RSD = 7.5%). There is no im-

Table 1II. Determination of PCBs as Aroclor 1242 in Isooctane Solution by Direct Injection (Phase 2)
PCB concentration as Aroclor 1242

known (13.6 ug/10 mL)

unknown (35.2 xg/10 mL)

concn reported,

calcd recovery,
%

concn reported, calcd recovery,

analyst #g/10 mL ug/10 mL %

1 14.2 104 37.0 105

2 13.6 100 34.0 97

3 12.5 92 36.0 102

5 12,56 92 27.3 78

6 12.8 94 31.0 88

1 15.0 110 40.7 116

8 12.5 92 33.4 85
average 13.3 ug/10 mL 98% 34.2 ug/10 mL 97%
range 12.5-15 ug/10 mL 92-110% 27.3-40.7 xg/10 mL 78-116%
std. dev. 1.0 ug/10 mL 7.2% 4.3 ug/10 mL 12.2%
rel. std. dev. 7.5% 12.6%
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Table 1V. Determination of PCBs as Aroclor 1242 ina
Paper Mill Effluent (Phase 2)

average PCB
concn reported

replicate, ug/L by each analyst,

analyst no. 1 no. 2 sg/L

1 2.70 2.09 2.40

2 3.48 3.88 '+ 3.36

3 2.45 2.89 2.67

6 2.26 2.32 2.36°

7 2.33 2.73 2.539

8 2.98 2.84 2.95¢
average (n=12) 2.74 ug/L 2.71 pg/Lb
range 2.09-3.88 ug/L.  2.36-3.36 ug/L
std. dev. 0.52 ug/L 0.39 ug/L
rel. std. dev. 19.0% 14.4%

% Includes small additional amount of PCB obtained by
rinsing sample bottle with solvent after removal of sample.
b Statistics developed by considering only the average
PCB concentration reported by each analyst.

mediate explanation for this except that the unknown solution
was ca. 2.5 times more concentrated than the known solution.
This resulted in an additional dilution step to keep the
unknown Aroclor on scale. This could have introduced ad-
ditional error and the slightly higher RSD.

The PCB concentration in the paper mill effluent was
determined in duplicate by six analysts according to the
modified analytical procedure. The results are given in Table
IV. The paper mill effluent was also analyzed in duplicate
following addition of a methanol-based Aroclor 1242 standard.
These data appear in Table V. Relative standard deviations

sf s DAD

tbe PCB deiterminations performed on the effluent as- -

collected and tollowing addition ot Aroclor 1242 were 19.0%
and 16.0%, respectively.

The variations in the results for the determination of
Aroclor 1242 in the paper mill effluent among the six analysts
who completed Phase 2 were not very different from the
variations noted for the direct GC injection of Aroclor 1242
solutions (Tables I and III). This suggests, as did the Phase
1 findings, that only small additional errors were introduced
by the sample extraction and Florisil cleanup steps.

As indicated in Table V, the average recovery of the added
Aroclor 1242 was 93.7%. This average is slightly misleading
since three results clustered near 100% and the remainder
ranged from 84 to 88%.

Following Florisil cleanup of the paper mill effluent used
in this study, all collaborators obtained characteristic Aroclor
1242 chromatograms. Some other paper mill effluents contain
interfering materials that cannot be removed on Florisil and

Table VI. Some Examples of Interlaboratory Variation
Based on Collaborative Studies Involving PCBs

rel, std. no. of
sample matrix dev., %  analysts ref.

paperboard 15-22 11 (6)

milk 18-31° 10 9)
chicken fat 6-16° 10 9)
marine wildlife 21 14 (12)
shark liver homogenate 27 6 (13)
marine sediments 22 10 (14)

fish 27-317 7-13 (15)
paper mill effluent 15-19 6 this study

¢ RSD varied with method used for GC quantitation.

which produce badly distorted chromatograms (/). Be-
tween-laboratory variation in PCB determinations conducted
on effluents containing intractable interferences would un.
doubtedly be greater than that experienced in the current
investigation.

Other observations reported by the collaborators in Phase
2 included (a) formation of emulsions during solvent extraction
of the effluent, and (b) small differences in peak ratios between
the individual laboratory's Aroclor 1242 standards and the
standard provided by the coordinating laboratory. Emulsions
were broken by centrifugation or addition of Na,SO,. The
problem of variations in PCB standards could be obviated by
providing Aroclor standards from a common source to all
laboratories conducting PCB determinations.

Considering the nature of the paper mill effluent matrix,
the results of this interlabortory study were good. This can
be substantiated by comparison of the RSDs reported in this
study with those reported for PCB collahorative studies

..... Teme = o

involving other comples envirduuicatal tudiaives (Tauic v iy
It is clear, however, that analysts desiring to compare their
results for the determination of PCBs in environmental
samples must anticipate variations within the range of 15-20%

expressed as the RSD.

CONCLUSIONS

Based on this interlaboratory study, the metho+ described
herein for PCBs in paper mill effluents appeared satisfactory.
However, the statistics developed in this work were derived
from determination of Aroclor 1242 mixtures in the con-
centration range of 2-6 ug/L and on an effluent from which
interferences were readily removed. Different precision and
accuracy findings could occur when the method is applied to
paper mill effluents having different contents of PCBs and
of materials which interfere in the determination. Gas
chromatographic standards and techniques appear to have
been the principal sources of variation in this study. [t is

Tavle V. Determination of PCBs as Aroclor 1242 in a Paper Mill Effluent to Which a Standard Solution of

Aroclor 1242 Was Added

replicate, ug/L

average PCB concn

reported by each analyst, calcd recovery

analyst no. 1 no. 2 sg/L of std. PCBY %

1 4.30 4.90 4.60 88

2 6.26 5.95 6.10 100

3 6.56 4.50 5.53 103

6 4.32 4.15 4.32° 8409

7 5.80 4.96 5.42¢ 101¢

8 4.64 5.17 4.96¢ 86°
average (n =12) 5.13 ug/L 5.16 ug/L? 93.7%¢
range 4.15-6.56 ug/L 4.32-6.10 ug/L 84-103%
std. dev. 0.52 ug/L 0.63 ug/L 8.53%
rel. std. dev. 16.0% 12.2% 9.1%

¢ Includes small additional amount of PCB obtained by rinsing sample bottle with solvent after removal of sample.
Based on average PCB concentration reported by analysts in Table [V. € Statistics developed by considering only the

average PCB concentration reported by each analyst.
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important that regulatory officials seeking to establish effluent
standards for P{’Bs in discharge media such as paper mill
effluent take the findings of this and other related studies into
consideration, so that the standards may be enforced rationally
in light of analytical variability.
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Quaternized Porous Beads for Exclusion Chromatography of

Water-Soluble Polymers
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The novel approach of using lon-exchange chromatographic
supports for size exclusion chromatography of neutral and
cationic water-soluble polymers is presented. A quaternary

momnemamonbiovs mrmiton  w o hac hooanm hand
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to the surface ot porous silica glass in the pore size range from
40 to 25000 A, Chromatograms are shown of poly(2-vinyl
pyridine) and dextran molacules using acidic salt solutions as
eluents. Molecular weight calibration graphs, theoretical plate
height piots, and concentration effects are discussed in detail.

Gel permeation chromatography (GPC), originated in 1965
by J. Moore (1), has primarily focused on nonaqueous ap-
plicatiors and many advances have been achieved. However,
progress in the area of aqueous exclusion has not been as rapid
owing to the many experimental difficulties encountered (2).
Aqueous GPC has been confined to neutral and anionic
polymers since commercially available supports work favorably
for a number of these materials (3). Cationic polymers have
not been chromatographed hecause porous silica glasses and
cross-linked copolymer resins tend to be anionic in nature
leading to snlute support interactions. G. B. Butler (4), in
1976, chromatographed cationic polyelectrolytes on quater-
nized styrene/divinylbenzene supports with limited success.
Some of the disadvantages vbserved were: (1) the swelling
of the resin which was a function of ionic strength; (2) the
support compression as the flow rate increased; (3) the limited
porosity of these supports. The porous silica glass supports
were felt to serve as the ideal substrate if adsorption could
be eliminated. They have a fixed pore and particle size and
can be used at the high flow rates needed for microparticulate
high resolution chromatography. Attempts to deactivate the
surface by silanization (1) and by the addition of cationic
surfactants to the eluent (5, 6) have been unsuccessful. In
this paper, we are introducing the concept of using ion-ex-
(‘;\)ange supports on glass to reduce solute giass interactions

"I'he ion-exchange supprt chosen to chromatograph cationic
Polymers must be a strong anmon exchanger. ‘'I'he quaternary

ammonium ion is an excellent choice since it creates a pos-
itively-charged surface to repel the positively-charged
polyelectrolyte. The support was prepared by reacting 3-
aminooropvlitriethoxvsilane with the glass followed by reaction
of the terminal NH, group with 3 chlese-2 hydreozytei-
methylammonium chloride. The procedure was similar to
those described in the literature for the silanization of glasses

(2, 8, 9) and is illustrated in the equations below:
(1)
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Determination of polychlorinated

biphenyls in paper mill effluents

The iInfluence of suspended solids

ABSTRACT

Complete extraction of Aroclor 1242 (o mixture of polychlorinated biphenyls) from
paper mill efflusnts and procear streams conlaining cellulose fibers required o
tuio-stap procedurs. The steps were (1) triple weparatory funnel extraction and
{8) subsequent alcoholic KOH reflux of the isvlated fiders. Much of the PCB ina
fber ~water suspension was sorbed onto the fibers. Aleoholic XOH reflux was
naeded because g partion of the sorbed PCB was resiatnt or inaccessible to the
solvent in the separatory funnal extraction. Contributing 1o PCB sorption and
setention were fiber wpecific surface area and resin content. Separatory funnel
extraction effectively recovered Aroclor ] 242 from suspensions conigining pigments.
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Polychlorinated biphenyls (PCB's) are
organic compounds whick have heon
mld io the United Stetos as roixtures,
ealled Aroclors. Prior to tha spring of
1971, carbanless oopy pspur contained
Aroclor 1242. However, this use was
terminated when PCB's were found to
Fovecen low-level turicity, Old carbon-
less copy peper cuntaining Asuclor 1243
in apparently still entering pagwr 1willa
using 1ecycled fiber with thaur rmw ma-

terials, and the PCB' leave the mills
in thair products, euents, and sludges.

Rogulaticas designed to minimize
tha antry of PCB" into the environ-
ment via aqueous efluents have been,
or soon will be, promulgated by both
fodaral and stato agencios, Consequently,
sccursts meathods for PCB determaina-
tisna aro nsedod for sMuont monitoring
and for in-plant usc in evaluation of
control techuology. The tethod pre-

1. Racovery of Aroclor 1242 from splkad woodpulpa and
from sutmitted hiber suspensions

RAecovery by Recovery by
a8pe0toty lunnsl alcvhwhic KON
Sample Coml.u'o{vc_y: ',:.__ ortrattiun. N 10fluc.

Harowood A 10 840 1te ’
Herdwudo O v/ Ly ye |
Hardwind o or 82.2 ne '
Sohwous A g8 1010 ~\J '
Soflwoud D o7 a3.0 58

© Softwood C 0.? 84.2 1.2
Mt ssmpile 0.4 91.5 8.5
Mitt sample 0.08 4.4 5.6
Mlil aample v 5.0 15.0

Tappl /| Octobar 1978 vof. 81. No. 10

A am AANLD e, oy~

scribed by the Environmenta] Protac.
tion Agency (EPA) for dstermining
PCB's in industrial efflusata (I) in-
volves liquid-liquid extraction, Flori-
sil cleanup, and electron capture gas
chromatography. In the current inv: ..
tigution, the effoctiveness of this meth.
odology in analysis of paper mill efMu-
onts und process etreams contsining
suspended solids has been evaluated.
of princi‘pal intarest has been the re-
teation of PCB's by suspended calluloae
fibers during separatory funnel extrac-
tion.

1soliation of PCB's from
sampies ocontaining
calluiose fibers

Runown amounts of Aroclor 1242, 100 pgy
Ltez, were added to 0.7-1.0°% auppen:
swan of aevaral hardwood and softwood
pulps in wator. Incomplate recoverice
weare usually experienced when them
suspenaions were subjected o triple
ssparatory funnel extructions wath hex-
ane, os indicated by the data in Table I.
Improvements in recovery did not occur

T
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#l. Recovery af Araclor 1242 lrom hardwaod
fiber suspenaions

LN =T -}
rFage o0rc

1. Recavery of Aroclor 1242 from
softwood fiber sugpensions

Fiper Ascovery by Recovery Total Fider Recovary by Recovery Tore
content. % extractio., %  f16m liders. %  mcovery. Yo oontont, %  oxtracton, %  Irom liders, % recovery, %
0,008 87.0 0.9 97.9 0.005 8s.3 05 96.8
0.01 06.4 2.4 98.0 0.01 94.2 05 84.7
0.0 81.8 0.4 100.2 0.05 $3.8 11 ‘:.g
0.10 91.8 10.8 102.6 0.10 Q88 1.5 .
0.16 84,2 %0 32 0.10 8%.3 2.8 8aD
0.40 802 158 90.0 0.40 8.8 28 82.0
0.860 80.6 15.5 98.5 0.e0 [ IR 58 87.0
0.80 00.4 18.6 $8.0 0.80 Q2 e o)

when 1¥% methylene chloride in hex-
ane was used as axtracting solvent. Use
of more polar solvents, such as ethy!
sther—petroloum ether mixtures, was

impractical; they removed n:llnc“;.{z): omr0 T .
amounts of non-PCB materi w ~ roug
interfered with subssquent gas chroma- :: .':;'; :::::;:'m‘”"h. mesh 85 mesn
tographic snalysia. Fallowing the saps- Filtration before
ratory funnel oxtraction, the fibars The hardwood pulp in Table II ap- | extrection
were filtersd from the aamples, and the parently retained more Aroclor 1242 Ascovary from
residual PCB waa remuved from the during separatory funnel extraction firate, % 8.2 12.3
fibers by reflux in 2% alcobolic KOH, than did the goftwood pulp in Table 1. Ascovery trom
¥8 is normally used for determining Perhaps that result wes influenced by hbers, % 218 8.7
PCB's in paperbvard (*i. Amounta of the higher hydrodynamic specific aur- | eperguon anor
PCB recaverod in this manner are alsu  facy area of the hardwoud (19,880 va. | extrachon
shown in Talle 1. fteinuval of all resid- 15,100 cn®/g). Thoso iadings promiptad Racovery by A
ual PCB by the alcohlic KUH waes vonsideration of the impact of fiber sxtraction, % 100 813
domonatrated by diasolving the fiteis propestias on distribution of PCB's be- Hecovery from

v 125 H,80,, diluting with water. tweon fibers and water. fiters, % ()} '.3._1

nd extracting with bes ane

Included aloo in Table [ wie eatrac-
tion data Wblained on typical fiber sus.
pensions subnaittad by a papes mill for
PCB dJeterminution. Results in that
wble indicate that complele removal ol
Arccior 1242 frum sums-unioas of cellu-
lose fibets required o two-stap proce-
dure. Tha stapn are (1) tliple separatory
funnel extraction, and (2) subsequent
sleahnlic XOH reflux of the tmolated
Nhery

Detn in Tehles 1T and T resulted
feom ¢ ntudy designed to determine
whether alenhnlic KO rflur of the
fibers subaequent to separatory funnel
extraction was needad to rmmave PCH'a
from fiber - waler suspensions with low
fiber contants. The results indicate that
fibery, cvan at low concentrations in the
sample, retainod some PCB's, and that
slkeoholic KOH reflux was needed for
complete PCB removal Iuwevar, in
analysis of eflluents containiog less
than abuut 0.064 hardwood uwr 0.6X
softwood fikwre, the aruount of PCB ra-
tained by the fikers wae ainell cuin-
parod with other repuried suurces of
error in FCH deteruilnations [e g , 204
1elolive staudatd deviation for chuomue
tugiam yuantitation J;

fl‘hun. L may Lo cutiuded that the
. 2A liguid—liquid oatractiva tach.
1que shuuld be adeyuate for avet eflu-

ents containing low amounuts of aue-
pended solids, and that il is insdequate
for process atreama containing large

72
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amounts of cellulosa fibers. Becauss of
their higher fiber contanta, the process
streams would raguire the two-etep pro-
cedure for complete PCB removal.

For initial studies of PCH dwtribu-
tiou, a bLleached softwood pulp was
beatan and clsesified Uding the con:
staut-rate Nuativu techuique, the hy-
drodynamic opecific surfo.e of the on. 1V
mash fibers and the thrvugh-65 wesh
fines wure found to be $,680 uud 120,000
em?/g, reupectively. Identical alcohol-
benzono oxtractives, 0.2%, wero meo-
sured on cach of the tws fractions. Sus-
penaiona, 0.78% conslstancy for the long
fibera and 0.426% (or the floes, wore
mpiked with 100 ug/liter of Aroclor 1242
and ativred for 3 min. As discuased
maboequently, testing of these samples
was parformed in two different weyas:
Oune series of saraples was (titered be-
fore amparatory funne) extraction of
PCB's, and the second seriea of samplan
was filtered after aeparatory funnel
extraction.

Samplos in ths firnt perian were fil-
tared, and the PCB was removed from
the filtrate by separstory funncl ex-
uaction with petrulcuim cther and from
the fbery by alecoholic KOH 1eflux.
Data on these samples in Table 1V
indicato that the fines sorbed more PCLS
than did the long filers If Wie finen
connistoncy had boen aw liigh a0 that of
the fibers, that trend would gute likely
have Lesn aven mmote ewphutic. The
PCH sorbed by the long fibers and fiiea
was computed to be 1,680 and 13.700
ngig o.d. fiber, respectively. Thus, the
ratio of the amounts of PCB sotbed by
the two fractions was roughly propor-

V. Distridbulion of Aroclor 1242 on
{ibers and fines boefore and sfter
seporatory funnegl extraction

tional to the ratio of thair hydrody-
ueinis gpecific murfaces (about 1:10)
Subsequeut W thia investigation, arp
oo of Aroclar 1242 by welluloss fihans
was found to continue for srveral hours
{4). IT these suspensions had been
stirrad longer before flltration,
amounts of FCB oa the fibers and fines
would probably have been greater.

Samples in the sscond serias were
Aitered after swparatory funnel extras-
tion with patroleum ether, yielding
results also shown lo Table IV. Meth-
odology (or thase analyses was, there-
fors, venticel with that used 1 abtain
data in Tables [-II1, These dste show
that the senarstary funne! extractian
removed al) of the sorbed PCB from the
long fibexs and mowt, but not all, of
the PCB frow thr fines. The PCB not
extracted from the finrs was in mme
manbsr resistant or inscestidle 10 the
extracting solveny It might be specu-
lated that a portion of the porous struc.
tute of the {incs was not ponetrated by
dropleta of petroleum ether during sep-
nratory funnel extraction of the aguaous
aAlurty. It ia becausa of this sesistant
ot inaccessible PCB that the two-atep
extraction procedures must be 1wed in
order t jetaove all of the PCB from
suspensions containiny cellulose Gibers
and fines, :

Additional insight into ease of sx.
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¥. Digtribution of Aroclor 1242

botwoan watar and (iders, filtersd

before analysia

Recovery Recovery
from trom
Nivcate, % 70813, %
AD roceivad
Bisachad
softwood 320 37.%
Bisached
hardwood aJr.e $7.5
Unblesched
xaftwood 240 62.6
Unbleachea
handwood 310 52.0
Pre-extrected
Bisached
a0Nwood 704 16.8
Blesched
hardwood V.4 12.8
undleached
1ohwood 330 69.6
Unbieached
hardwaod 58.0 200

VI. Recovery of Araclor 1242 using
two-818p extracton protedura

Recovery
Reccivary by trum
oaltartion, & fibers,
A3 1eceived
Blesched
ohweod oLy R
Biaschod
hardwuod f0.4 134
Unpleached
mfrwoodt w27 48
Unbhached
herdwood A3 1.0
Pro-avtrectsd
Blenohed
st annd LR 2.4
Binachea
harttwood 94.0 22
Unblaschod
soltwaod G4.4 4.4
Unblesched
hardwood 886 4.8

Vil. Efloct of surtactent [n axtraction
ot araciar 1242 troen fibes suspansiuhia

—_——

Recavery  Recovory
by Ly
oeperdlory  alcuholic
fuimel KON
oxicaciiin, 16liua,
?q_ ____'b t
Soltwood D M0 ss |
Suftwoud O ¢ :
surlactant 4.4 AW
BUMNLLL © [ 3 P2 '
Sufiwood C + |
sutfactiant ar.s J.0
Hargwood C 82z 1.2
Harewoad C
+ surfactant LLX:} 7.0

ANL. 5 TeV /uD Jumu,

truction of PCD's from wood pulps was
obtnined from studies invelving un-
bleachod and bloached hardwood and
softwood pulpe mude in the same mill.
Alcohol —benzene extractive contsnts of
the unbleached pulps were both 0.38%;
they wero 0.454 and 0.237 (o the

- Lleached bardwuod and svftwood, ce-

spoctivaly. The pulys liad genarally
aimilar hydrodynamic apecific suclace
Areas, ranging from 10,00U ‘o 13,800
emt/g. Aqueous suspensions of 0.1%
consigstency were prepared from each of
tho pulps as rocoived and following re-
moval of rleshol ~bhanzane axtractivea.
Aroclor 1242 amounting to 10 ug/liter
was dispersed in each sample, and the
suspensions were allowed to stand for
ons-half hour. PCB's were then isolaled
from the somples using the two proce.
dures employed previously: (1) Gltra.
tion before extraction, with the filtrate
extracted in a ssparstory funnel, and
the fibers refluxed in alcoholic KOH,
and (2) flitrotian aftar the guspension
had besn extracted in the separatory
funnel, with subtequent rufiux of the
fibers in alcobolic KOH (the two-ptep
oxtraction prucedure).

Dalo are shown in Tablea V and VI
Theae data confirm earliet resulls in-
diceting that aspuratory fuunel oxtrac-
ton of Obor suspensivns tesuovod awst
but uct all of the PCH suilxcd ontu Lhe
fiLers. With the sazeplion 9f the un-
Llenclied suftound pulp, rerauval of al-
cuhul -penzesie eatisckives teduced the
appurent tendauey of Agoclue L2442 (o
sorbls el libesu (Table V) and to Le te-
tainod by fibors duriuy sepacntuty fuu-
nel axtraction of the suspenaion (Table
VI). Thue, resin content of the pulp
upually affected PCB sorption and re-
tention. Bacause FCB's have low po-
larity, thoir sorption was probably facil.
itated by the low-polarity resins.

In Table VI it is shown that signifi-
cant amounta of Aroclor 1242 were reo-
tained on the fibern during soparatory
fonnel extractian even after resinous
materials were removed from the pulps
by pre-extraction. This suggests that
pulp structure or ¢chamical makeup, in
addition 0 resin coplent, nifectod PC8
inaccessibility or resistance to etrirac-
tion. The greater amounts of PCD re-
tained by the unbluached, pre-extracted
pulpa suggest A posaitle effect of lignin.

Y, Extraction of Aroclor 1242 ram

[V VR

r.gdsLl

1 & = w fars taey

With the unbleachsd softwood pulp,
fcaturos other than resin content ap
pesred to be predominant in PCH dis-
tribution and ratention; pre.axtruction
of this pulp had little effect in oither
Table V or V1.

tHect af surtactants

A survey of saversl aurfactants re-
vealed that the nonionic asurfactant
Trnton X-100 (Rohm & Hasa Co.) shiftad
the diatribution of Aroclar 1242 so that
raore PCB was in the squecus phess
and less om the cellulose fibers. There-
fore, it waa hoped that sddition of this
surfactant W fiber suspensions would
permit all of the PCB o be removed
during separatory funnel extraction
and wou)d obviate the sccond step of the
twa-gtap extraction.

Suspensions of thres bleached pulps
at D0.7% conasistency were spiked with
80 ug/liter of Aroclor 1242 and were ex-
tracted uging the two-gtep procedurs.
Samples of each pulp wero prepared
with and without 0.02% Triton X-100,
basad on the total suspension. Data in
Table VII indicate that surfsctant addi-
tion roduced the amount of PCP re-
tained by the Gbers. However, the al-
caholic KOH reflux of the fiders was
atill cesdad for complete PCB ramoval.

Other suspendsd solida

‘I'be vleclivenesy of neparstory tunnal
catraction far removal of PCR'a from
wotcellulosic euapanded solida in psper
mill effucats and process etreams
was also evaluated No cslluloss fibers
were bresent in these laboreatory aamn-
plas. However, the starch apd pigments
w be studisd were rdded in amounts
comparable to what might be found in
a pupermaking furnish,

Racoverien of 10 ugliwer of Aroclor
1242 spikes from cach step of the two-
atep extraction procedure are shown in
Table VIII. Noarly o of the PCB wss
recovered by separatory funnel extrac-
tion, and no detectable PCB was ino-
lated by alcoholic KOH reflux of the
filtered atarch and pigments. Thua, ap-
paranty no significant arouot of the
PCD in ouspensions af these noncellu.
losic solida was resigtant or ipascessiblo
to qolvent extraction in the sepacrstary

suspunsions of nancelluiasic matariale

I ———

i Rocovery Ly Recovery by
Cunconmsiun ok Aloly tunnet aicoratic KQM

_ﬁgg.plo i asriraciion. X reliyn, %

Slarch 01§ 94.6 -0

haolin cluy 1.25 93.6 Interferonce

TiQ, u.¢s 0.4 ] -0

Taie 1.25 942 (nterterence
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(unnel. Unfortunately, gas chromate-
grams ohowed non-PCB intarfecences
from the clay and the talc which might
hove obscured detection of amall
amounts of Arnclor 1242. Recoverias of
laps tha. 100% by ssparatory funnel
extraction probably reflact manipulative
and volatilization loracs, which ware
discussed in an enrlier preliminacy
communication (5). The spparent low
retention of PCB's by the pigmenta 18
consistant with the comparstively low
affinity of PCB's for ksolin clsy and
ather inorganics (6). The data from
this investigation indicats that the cel-
lulose fibers, rather than the noncallu.
losic materiala, aru the componants of
paper rill effluents and precens
gtreama which require the two-step #x-
traction.

Recommendod analytical
proceduren

Procedures racammeaded for isolating
PCB's (rom paper mill offlusnta and
process streams containing suepended
solids consiat essentially of the EPA.
prescribed liquid-liquid axtraction
tochaique (l) followed by slicoholic
KOH raflux of the euspended solids.
The alcoholic KOH treatment has been
recowmeuded by e Ford and Drug
Adiuinistrution for detormining MCRo
i1y paparboard (2). In this report thase
wmbined wetodd havo bacu termed
the “two-step extrsctionp proceduss.”
Omission of the sacond step of the pro-
codure may be connidered, deponding
upon the amount and type of suspandad
tolidse in the sample and the degree of
accurncy required io the analysis. It is
recommended that the analym evuluate
the neod for the accond extraction step
on the types of asamples Which he rou-
tinely analyzrs. Also recommonded are
the stups to minimize volatilizstion
lossea of Aroclor 1242 descrided in &
previous communication (5).
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The sources, distribution, and losses of PCBs in the U.S. pulp and paper
industry are discussed in detail. The major source of PCBs to the industry is
recycled carbonless copy paper manufactured fram 1957 to 1971, but the amounts
of PCBs from this source diminished rapidly after 1971. A model showing past
and projected PCBs content in product and wastewaters from the industry is pre-
sented and discussed. Estimated costs (worst-case basis) for wastewater treat-
ment to achieve one ppb PCBs in effluents from the industry are developed;

results indicate a 3 to 5 percent product cost increase will result from such
treatment.
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APPENDIX I

INDUSTRY INTERVIEWS AND PLANT TRIPS

I-1.0 CBJECTIVES OF INDUSTRY INTERVIEWS AND DISCUSSICNS

From previocus efforts under Task I of Contract 68-01-3259, it was
‘apparent that the data available concemning PCBs in the paper industry were
sparse at best, and that extensive efforts would be required to gather suffi-
cient information for the model develomment and interpretation. The gathering
of such infoxmmation was the major cbjective of all industry contacts during
this work; early in the program industry was made aware of the purpose of and
our approach to the work. Sdbsequent respanse and cooperation by the industry
were uniformly excellent.

Specific areas covered during the interviews and discussions included:

1)
2)

3)

4)

5)

6)

7N

The level of awareness of the PCB problem within the industry;

Analytical data (on PCB levels in products and effluents) which
might be available or which might be cbtained and made available
at a later date;

The possibilities and practicalities which bear on treatment of
mill effluents, or on intemal water reuse and purification
systems;

Present trends in treatment technology as the mills prepare for
adherence to the 1977 and 1983 effluent quality criteria;

‘mestandaxdpractmesofsampluxgandanalyslsmudlge:mate
the data base of PCB lewels in the plants;

The similarities and differences found between production mills
operating under current bounds of raw material, enexgy, labar
and treatment costs; and -

PCBs transport within the plants.
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I-2.0 MEETINGS WITH TRADE ASSOCIATIONS -~ —-: - - O._
I-2.1 Meeting with API -

- - - In mid-July, 1976, a meeting was held in Washington, D. C. with
- - - representatives of the American Paper Institute (API), the Boxboard Research
- and Development Association (BRDA), the National Council of the Paper Industry
for Air and Stream Improvement (NCASI), senior staff members from several API
member campanies, and the EPA Office of Solid Waste Management Prograns

— (OSWMP) .~ The approach to the program, and particularly the PCBs-industry
model, was ocutlined and discussed in detail. Cooperation and needed informa-
tion were solicited, and plans for the provision of available or anticipated
data were made. All areas noted under Section I-1.0 were covered.

a

I-2.2 Meeting with Institute of Paper Chemistry (IPC)

n Angust 6, 1976 a meeting was held with staff members of the
IPC in Appleton, Wisconsin., Jchn C. Wollwage, Vice President-Research; Dr.
H. S. Dugal, Director, Industrial and Environmental Systems Division; Dwight
B. Easty, Group Leader, Analytical Chemistry, Division of Natural Materials
and Systems; Mr. George Dubey; and Mr. Deter Parker (all of IPC) tock part in O

- At that time the IPC was performing an in-house study aimed at
develomment of an improved procedure for PCB analysis in pulp and paper mill
matrices. They had attacked the question of PCB partitioning in mill flows and
found PCBs to be substantive to fiber, associating most notably with the small
particulate constituents (fines) of the pulp/water system. Wwhite water high
in fines content is routinely rec-cled in arder that as much of the fiber as
possihle eventually became products since fines have a desirable effect on the
qualities of opacity and surface smootlmess. Econamical use of the raw fiber
requires a minimization of the fines loss. Such a procedure appears to pre-
ferentially associate the major portion of any PCBs with the paper product.

It was also agreed that the PCB concentration in the waste sludge
might reasonzbly be assumed to be at the same concentration as in the product.

O
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In other words, if the PCB levels in pépér product is in the low parts per
millimrange,PCBlevelsinthesludgewillalsobeinttﬁ.grange. The
limited sluige data cbtained supports this contention, and at the same time
shows paper mill sludges to be camparable to municipal treatment plant sludges
in PCB content (ranging up to 23 pmm) (¥4)

The majority of PCBs introduced to papermaking as part of the
wastepaper input were believed by the IPC personnel to be still enclosed in
the gelatin—gum arabic microballoons. The microballoons (10 - 20 microns in
diameter) are known to be substantive to fiber. They release their PCB load
for analysis upon treatment with alcocholic KOH solution. It was not known
what fraction of the incoming capsules may break open, nor whether the pulping
and refining steps may cause breakage, but it was suspected that relatively
few of the microballoons would npture during the papermaking process.

In addition, it was decided that PCBs in intact capsules would
not participate in evaporatian as "free" or "wild" PCBs may be able to do.
Mass balances done by IPC on some paper mills have given an indication of a
possibility of evaporative losses, but not in large amounts, nor in amounts
which would jeopardize the overall conclusions or credibility of the model
presented in Section 5.0 of this report.

During the analytical methodology work by IPC, small amounts of
PCB used to spike solutions showed significant evaporative losses. This has
resulted in a strong recommendation for the minimization of sample transfers
and hardling in analysis for PCBs.

Present analytical capabilities at IPC show detection limits faor

paper to be 0.1 ppm PCB arnd for solutions to be 0.1 ppb PCB. Both call for a
trained operator conversant with and practiced in routine PCB analysis.

Interferences on the chromatogram appear to be removed in good
part by oxidation of the sample with chromium trioxide. These interferences
seamed to be peculiar to the types of matrices found in pulp and paper proc-
esses. Attempts to simplify PCB analysis by perchlorination of all PCBs to
decachlorobiphenyl were fournd to give unsuitable results. This treatment
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~ - appeared to -have converted same non-PCB components of carbonless copy paper
into a form whi¢h could be incorrectly identified as_PCBs.

-- — - Other aspects of the problem and of the IPC program were dis-
- cussed in-detail. Many of these are discussed or referenced elsewhere in this
" report. - The results of this meeting served to solidify the approach to the
model and the selection of parametric values to be used in exercising the model.

I-3.0 PLANT VISITS

- - Seven paper mills were visited during the program; four of these .
utilized between 50 and 100 percent recycled material. The others either were
campanies known to be very much aware of the PCBs problem and using some
recycled fiber or mills using-only virgin fiber. Short sumnaries of the trip
reports far these plants are included below. As will be noted, same plants are
not named in these sumaries.

I-3.1 Plant A - 100 Percent Recycled Raw Material

General Description

Plant A employs approximately 300 people and has a Fourdrinier,
mocyljnde.rmachinesandaprinter'rirxtgr. The raw material used is waste-
-paper which has been sorted, graded, baled and marked by organized paper stock
dealers throuwghout the Midwest. The most important grades used are reclaimed
corrugated containers, mixed paper, newspaper and clippings trinmed fram box
shops and converting plants. Much of the stock is picked wp in large cities
by campany trucks as return loads after delivery of the finished board. This
re~use of secondary fibre eliminates a large amount of paper tcnnage being
sent to landfill or incinerated. In 1971 85,000 tons of wastepaper were re-—
claimed through this plant. S

The basic product manufactured from the wastepaper is paperboard.
This product is used far core stock, tube stock, wrapper, carton, paper box,
book bindings, and globe stock.
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Pulping, Cleaning and Refining

The first step in converting paper stock to pulp is called
hydration; machines called hydropulpers are used. These are large tubs with a
rotating disc in which the dry paper is mixed with warm or hot water. Chemicals
may be added to aid in the dissolving process and to destroy any bacteria which
may be present. Most of these machines operate on a continuous process. As

soan as the fibers are dissolved fine enough to be extracted through 1/8" holes
they are screened off.

The various cleaning and refining processes which follow pulping
are typically a spin-off to remove light particles of foreign material, and
settling to remove heavy dirt. In addition, there are several systems of
mechanical screening to remove coarse or undefibered bundles and dirt. Not the
least important is a treatment of high pressure - high temperature steam fol--
lowed by a refining process for the purpose of breaking down foreign materials
like pitch, wax, or asphalt which may be found in the wastepaper.

After the paper stock is cleaned ard defibered, it is stored as a
liquid suspension in large chests. Befare going to the paper machine the stock
is again refined or "brushed out" in machines called Jordans or Refiners, mixed
to an exacting consistency with water and screened one last time.

Papexmaking

Plant A employs both Fourdriner and cylinder-type paper machines.
The latter employ cylinders covered with fine mesh wire to extract pulp from
the slurry stock onto the surface. The material is then deposited in thin
layers (one from each cylinder) to fomm the wet web. After all the cylinders
have deposited their contribution of fibers, the wet web of paper is pressed
to remove excessive water. Each pair of press rolls gradually increases the
pressure until the wet web is dry enough and strong enough to support its own
weight when it leaves the press section.

The Fourdrinier machine employs a long wire belt for formation
of the wet web. Paper stock is fed onto the moving wire through a sluice fram
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a headbax, and, in contrast with a cylinder machine, the web is mede up as a
contigquous-single layer. Over a relatively short distance enough water drains
through the wire by gravity and by passing over suction boxes that the mat can
leave the wire and pass onto a felt where pressing begins.

- - All machines employ a long section of many steam heated cylindri-

- cal dryers. As the sheet leaves the wet end after all possible moisture has

been removed by mechanical pressing, the remaining excess moisture must be
removed by-evaparation. The sheet of paper passes over all of these dryers
which eventually produces a dry sheet to custamer specificatians.

- - The last step in the actual paper manufacturing is calendering
or pressing for the purpose of cbtaining a uniform finish and thickness. Also
at this station it is possible to apply surface sizing or other forms of coat-
ing ar stain.

After passing through the calenders the paper is wound onto
reels to be rewound and trimmed to meet size orders. If the customer wants his
paper in flat sheets, it is run directly from the paper machine through a
sheeter. In either case, when the paper is finished it is banded, wrapped, O
labeled, and weighed.

A substantial amount of the total production of Plant A is sent
to a canverting plant for further processing. Most of this processing consists
of slitting wide rolls into narrow widths to be used for winding into cores
ard tubes. This plant also perfomns cutting from rolls into sheets, precision
trimming of sheets, and laminating.

I-3.2 Plant B - 90 Percent Recycled Raw Material

General Description

- . This plant is a major manufacturer of tissue items, producing
800 tons of facial tissue, toilet paper, napkins and paper towels per day.
Approximately 90 percent of the raw material required is supplied by waste
paper, which is a slightly higher percentage than most other tissue mills.
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Plant pefsonnel supplied a report cn PCBs generated by them in
1975. The concern far effluent water quality dates back to the establishment
of a primary treatment system in conjunction with the start-up of a deinking
process in the 1930's. The secondary treatment system was put into operation
several years ago, prior to the regulations governing suspended solids. A
tertiary process is in the develomment stage at the present time. PCB measure-
ments were begun in-house during 1975. Data cn PCBs content of products prior
to 1975 have been cbtained and are reparted elsewhere.

-

Characterization of Raw Material

Although most of the raw material for this plant is wastepaper,
less than 50 percent of this is classed as post-consumer waste; in other words,
most of the returning paper stock has never been previcusly recycled. Office
wastepapers of the ledger grades are removed from the incoming stock, but a
quantitative screening of all retuming paper stock is impossible from an
econanic standpoint. As shown by industry data and the modeling effort in this
report, even a few sheets of the carbonless copy paper can have an cbservable
affect on PCB concentrations in a single day's output.

Office wastes in general & not make a desirable paper stock,
since many office paper products contain binders, colorants or other minerals
that are difficult to remove and cause problems in the papermaking process.
These wastes are purchased by the mill primarily to assist their paper dealers.
They do became more important during periods of short paper stock supply.

Effluent PCB lewvels

PCB concentrations in clarified mill intake water were less than
0.1 ppb. Measurements of deinking, mill and cambined effluents were reported
to range fxrom 0.3 to 2.7 ppb.

In-Plant Vaporization Estimate

The plant has performed a water mass balance on its paper
machines. An average of 570 gal. per ton of product was lost. Assuming the
production of 800 tons per day and a water concentration of PCBs (excluding
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PCBs bourd to fipes and assumed not to evaporate) of 0.1 ppb, evaporative losses
would be 0.00038 pounds of PCB per day or less than 0.15 lbs/year. This is
‘probably an undetectable loss if direct measurement was attempted.

I-3.3 Plant C - 80 Percent Recycled Raw Material
Pulp Generation

— et —————— e

Pulping is a batch process at this plant. Wastepaper, accounting
for about 80 percent of the raw material, is added to pulpers #3 and #4 to-
gether with hot water and caustic scda. Steam jets raise the temperature to
about-185°F and deinking contimies for about 1.5 hours. After deinking, the
stock fram both pulpers are dumped together yielding a stock slurry of about
7 percent consistency. Fram here the stock is passed through a cne inch bar
smthatmlaxgecmiéanjnantssmhass&mgaxﬂmgs. The pulp is
now punped to a holding chest.

Manually operated valves detemmine the quantity of stock dis-
charged from the holding chests through two 1/8-inch screens. The acoepts here
have a conoentration of about 4.5 percent, and rejects from the screens are
trucked to a landfill. Accepts are stored in another holding tank. O

Upon leaving this tank, the stock is diluted to about 0.7 per-
cent solids and run through centrifugal cleaning to remove fine contaminants.
Accepted stock is now directed to a screen with 0.010 inch slots. Accepted
stock from this screen pumped to two slope washers that have counter-stock flow
of water. These washers are arranged in series with the second ane increasing
the stock consistency (solids concentration) to about 5 percent.

At this point the stock is pumped to two washers =2t up in
parallel. The washed stock, with a consistency of about 2 percent solids, is
pumped to a storage tank until the chlorination tank is ready for a new batch.
Water for the washers cames fram the slope washers.

- During chlorination, chlorine gas is pumped into a tank holding
the stock and allowed approximately five minutes retention to react. The stock
batch is then pumped towards a vacuum washer. However, befare it is washed,

O
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bleached stock is sent to retention tanks.

§ process; the final pH is 9. The

' The stock pulp is sent to a vacuum washer to remove materials
made soluble by chlarination. This wash water originates from the paper machine
water supply, the white water. The filtrate fram the washing process is pumped
to the slope washers which conditions the new batch for chlorination by reclaim-
ing the chemicals and also reduces the amount of water used. The stock pulp
now has a consistency of about 5.5 percent. Upon leaving the washers, the
stodcptﬂplsp.mpedtohlghdensmystoragetaﬂcstomaitmepapennah:g
operation.

This mill also has a separate pulping system for virgin pulp and
pulp substitute. However, both virgin and substitute pulp are blended with
the wastepaper stock pulp. Here, chemicals are added to develop better fiber
bording strength.

Papermaking

Fram the storage tanks the stock pulp is diluted to about a 0.3
percent consistency and pumped to the headbox. Prior to entering the headbox,
the pulp is rewashed, rescreened and run through a three stage centrifugal
cleaning system. Much of the water used in papemmaking is recycled. Excess
white water is stored to be utilized in various operations in the mill.

The sheet is pulled through cn a felt belt and dried. The speed
that it is pulled through requlates the strength of the product. Thickness is
governed by this speed and by slicing the sheet off the belt with a doctor

blade. Several plies are then rolled together to produce a paper of desired
specifications.

Water Source and Effluent Treatment

Plant C uses municipal water which is believed to be relatively
low in PCBs. The intake volume is about 1.5 million gallons per day.

The discharges 'from Plant C enter a wet well fram which the
wastewater is screened and sent to a campany—-operated treatment plant.



* Treatment consists of primary clarification and a two-stage activated sludge
system. -The treatment plant effluent is discharged to the Fox River (mid-
stream) .

I-3.4 letD-SOPe.rcerrtRecygledRavMatenal -

Plant D is ama;orreqch,ngoperatmn. Smgra&sofwastepa;aer
(e.g., office and foodboard) are the major constituents of the. raw materials
utilized to produce acceptable deinked pulp stock. This accounts for approxi-
mately 50 percent of the required pulp with the remaining being camposed of
purchased virgin pulp and pulp substitute. There are essentially two pulping
systams- - ane for wastepaper and deinking and the other for the virgin and
substitute ptﬂ.p.'

Pulping and Fiber Recovery |

Here, wastepaper is mechanically broken down with hot water
(about 190°F), caustic soda, surfactants and deinking chemicals by means of a
ribbed rotor at the bottom of the hydrapulper. Much of the heavy waste such
as metallic cbjects and plastic sheets are collected in traps at the bottam of
the pulper. At this point, the pulp stock has about a 6 percent consistency
(consistency being the percent solids to liquid).

The deinked pulp leaves the hydrapulper through perforated plates
and is pumped to blending chests for additional retention time ard agitation.
The pulp now has about.a,z.Spe.:centccnsistency. Upon leaving the chests, the
pulp is passed over a filter that recovers the cocking ligquor in the filtrate.

The filtrate is reused in the pulper to recover the heat and residual chemicals.

Excess washer water is reused for other operation dilutions. Water is exten-
sibly recycled in the deinking operation.

' The pulp is now sent to centrifflers, which are centrifugal
cleanmgdev:.cesforrewvalofpms,staples and other heavy particles. The
accepted pulp has a 2 percent consistency and it is sent to a centrisorter
pressure screen. Accepted stock fram the pressure screen goes on to washing
while rejects are passed through a deflaker and then across a screen for
further fiber recovery.

1-10
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The pulp then enters a four-stage counter-flow washing system.
The first stage consists of 2 cylinder washers, the second and third stages
cnsist of sidehill washers, and the fourth is ancther cylinder washer. The
cleanest water is used for dilution at the fourth stage and the filtrate is
fed to the preceeding (third) stage. This filtrate is then used in the second
stage and its filtrate in the first stage, where the filtrate is discharged to
waste treatment. The water in the washing process originates from the dis-
charge of the paper machine water, white water, and the acid and alkaline
bleaching water.

Following washing, the stock is bleached with chlorine, followed
by treatment with caustic and then hypochlorite. The next treatment is a
three-stage pressure screen system. Accepted stock pulp fram the first stage
pressure screen then goes to a five-stage centrifugal cleaner system for
removal of small heavy contaminants such as ink. Those fibers rejected are
replaced in the centrifugation scheme to concentrate the contaminants and
unacceptzble pulp, and to reclaim as much of the shunted acceptable pulp as
possible. Following this is a four-stage system of centrifugal reverse
cleaners for removal of lightweight contaminants such as plastic fibers and
adhesives. After the cleaning system the stock goes to the final washer for
thickening and storage in high-density towers. The water removed by the
thickening process is reused in other washings and in the bleachery.

The above description for secondary pulp supplies 50 percent of
the materials required to meet the current demand of Plant D. The remainder is
composed of purchased virgin pulp and pulp substitute. Both are warehoused in
solid form and repulped in their respective hydrapulper, using recycled paper
machine white water. This pulp is then pumped to storage chests until needed.
Fram here, the pulp is sent to refiners for fiber shortening and fibrillation
to enhance greater bonding capacity.

Fram the refiners the pulp is discharged into a pipeline that
contains the secondary pulp for blending of the types. After sufficient time
to ensure hamogeneity, camponents such as clay, titanium dioxide and alum, to
name a few, are added to the stock pulp as it moves to the paper machine.
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e Stodctake.nfmtheh:.ghdensxtystcragetarﬂcs:sd;lutedand
ptmpedtothepapemualurx;systan Herethestodcvolmne:.soont:olledm

insure a-canstant head level. }Bycpe.rawmgmderahmhead,thetextuxeof )

the pulp sheet falling on the Fourdrinier remains the saneth.rcnghoutthe

The endlssmeshbelt of the Faurdrinier effect:welydrams
m:ghmtatfrmtbep:lpslurrytopemltﬂxeflberstomakeasheetcalled
the wet web, Much water is recycled during. papermaking operations. Since -

thjswaterasfalﬂmﬁunﬂaebleadmdpmduct tb.ep:lpmpartsawh:.tecolcr
mﬂaewaterandhenceiscalledwl'u.tewater Because water is continually
beugaddedhe:e,thexelsanexcessoverﬂm This surplus water is stored .
andusedto.supplaxmtthewaterdllmngthedemkedstock. Several hundred
thousand gqallons of water escape each day due to evaporation while the paper
is being pressed and dried. When the pulp leaves the headbox, it is 99 per-
cent water; after passing through the presses, it is about 60 percent water,
and after the driers, only about 5 percent moisture remains. This is the per-
cent moisture of the rolled product.

Intake Water and Wastewater Treatment

‘Since the product color and camposition is highly important, the
water used throughout the operations necessarily should not contain any sus-
pended contaminants that are able to be removed. Therefore, this mill has a
treatment facility for intake water, utilizing flocculation with alum and lime,
addition of algacide, and filtration. The filter is ccmposed of the following:
top layer - 8 inches of coal: mddlelayer-zfeetofsand botl:cmlayer-z
feet of crushed stone. :

: Oar:ently,thismillmxlyhaspﬁ.marytrea:tn‘ent, a clarifier.
The present system has about 90 percent SS removal but only about 25-30 percent
CBD reduction. 'meefﬂuemfmntmsclariﬁexisbeingdisdmgedtothe ‘
Fox River.. 'D:eaverageflwforlS?SwasBSbGD This volume can be broken
down as follows: ' : ‘
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2.5 M from deinking
.9 M fram papermaking
. 3 MGD fram water plant
.2 M3 disposal plant and misc.

Under construction now at Plant D is a 2-stage activated sludge
system. Preliminary investigations on this type of treatment facility for pulp
and paper wastewater discharges indicates that this system is very effective
at further red\x:mg the SS leve.‘ls and greatly r:educ:mg effluent BOD.

- m e m——— - —— e ——

Clarifier sludge cmtams 10 percent solids and is further ocon-
solidated in compaction tanks to a 12 percent solids level. The sludge is
furthered dewatered to 28 percent solids by lime addition and subsequent
vacum filtering. The filtrate is retumed to the primary clarifier.and the
dewatered sludge is trucked to their private landfill.

Landfill Operations

The campany has opened a new landfill which covers about 18 acres.
Preliminary geologic investigations revealed a solid bedrock foundation. The
. area is encampassed by a man-made camacted clay dike, effectively eliminating
any surface runoff from the landfill.

Concern for groundwater contamination resulted in the construction
of monitoring wells. 'me:gamearstobetwolayezsofgmmxdnaterseparated
by a clay table. UWhen completely £illed, the landfill will be slightly dome
shaped with a 2 degree slope.

I-3.5 Plant E - less Than 50 Percent Recycled Raw Material

General Description >

Plant E is basically self-contained, i.e., it produces in-house
nearly 50 percent of their fiber requirement by chemi-mechanical treatment on
hardwoods. The remaining 50 percent is composed of purchased bleached kraft
pulp from Canada and other U. S. sites and such items as foodboard, cups, and
IEBM cards. No carbonless paper is utilized. Production is between 300 and 400
tons per day.



- - Product PCB levels fram Plant E have consistently remained below

5 pom proscribed by FDA. Effluent levels of PCBs are also apparently lower O
than most of the industry using reclaimed fiber, probably because of efficient
removal of suspended solids in the waste treatment systems.

Pulping — -

- -Plant E uses chemi-mechanical pulping, virgin pulp from purchased
bleacbedlc:aft-p.:lp and secondary pulp fram wastepaper. Each operation ocours
in a ‘specific pulper and the stock is blended later according to product speci-
fications. The virgin pulp slurry is generated by only adding hot water while
&esecm?iarypﬂp:eqﬁmhotmterphscasticsodaplushypodnoﬁ.tebleadl-
ing powder. Both virgin and secondary stock pulp are not stared but directly
mixed with the chemi-mechanical pulp stream. Plant E is a contimous operaticn,
and all grades of pulp are being used simltaneocusly but aonly that from the
chemi-mechanical system is allowed a detention.

Blending of pulp grades occurs in machine chests, each having a
different percentage of the grades depending on the eventual product. It is
just prior to these chests that cother additives such as clay and other fillers Q
are added to provide the required paper characteristics.

Papermaking

Each pulp stream is passed through similar machines, with all
machines having an additional coating step. The stock pulp enters the Fourdriner
to produce the wet web, approximately 19 percent of the water content is voided
here (in other words the web's consistency increases from 0.5 to about 20 per-
cat) .- The wet web is then drawn through a series of presses to further remove
the water. -The majority of the remaining moisture is removed by drawing the
-sheet throuwsh a series of dryers. Final moisture is about four percent.

Following the drying operation, the sheet is passed through
rollers to smooth it and produce a unifomm thickness. It is then rolled,
trimmed, cut and warehoused. Same cut rolls are sent directly to a specification
cutting section for high-demand dimension consumer products (a sizeable fraction
of the total production is used for telephone bocks). '

O
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Waste Treatment

This plant utilizes two waste facilities; a fluidized bed incin-
eration for spent liquor in the pulp mill operation, and a wastewater treatment
plant for water used in the papermaking process plus excess wash water and
associated solids fraum the pulp mill.

The chemi-mechanical pulp mill effluent with a 6 percent solids
content is sent to an evaporator where .the solids content is increased to about
45 percent. The liquor, now a syrup, is placed in the incinerator operating at
approximately 1300°F, and the remaining moisture is flashed off allowing the
organics to be volatilized. At the bottam of the unit, air jets keep the ash
in motion (fluidized). Therefare, pulp mill activity is a closed system with
no effluent, and the excess ash is trucked to a landfill.

Wastewater currently receives only primary t:eatnent m two
parallel clarifiers, but removal of approximately 96 - 98 percent of the sus-
pended solids is achieved with 40 - 50 percent BOD removal. A new secondary
treatment system will begin operations in the near futwe. Overflows from the
clarifiers will be canbined and discharged to the secondary treatment reactor,
which is a closed, oxygenated, three-segment tank. Effluent from the reactor
is then sent to a settling tank and after a detemmined retention time the
supernatant liquid is discharged to the Fox Fiver. The new system is designed
to handle 6.5 mgd with a three hour retention. The mill has recently reduced
its water requirement from 8 mgd to 6.8 mgd in preparation for the secondary
system.

The sludge will be removed with same of it reused as seed in the
m:ygamtedreactortaﬂcvdzﬂemstofitwﬁlbedewateredtoaboutnperc?nt
solids by a vacum filter. This waste sludge is presently deposited on a land-
£il1l. There is no monitoring far groundwater contamination at this time.

Management is currently cammmicating with other mills that may
be able to use their sludge as it contains a high fiber concentration that can
be used for other paper products.
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o I-3.6 Crown Zellerbach Research Laboratory and Camas Mill -

S Z7T. LU n s A meeting with Dr. Hexman R. Amberg, Director of Environmental
= - Séxvices for Crown Zellerbach and members of his staff was held on June 29,

1976, at the Central Research Division in Camas, Washington. Crown Zellerbach
-"hasamxd:e:‘.ofmmsvmidxrmge&mtctaluséof\d;ginfibe;tocmplete

--dependence on secondary fiber. Since most chemical amalyses are done at the
.~ Central Research location, it was felt that the question of analytical

- - --acGuracy-ooild be de-emphasized and relative differences in PCB concentrations

assessed.

‘= -~ CZ analytical detection limits for PCBs in paper were routinely
1 pmm ard are apparently dropping under continued attention to details of the

- analysis. ‘Some data had been faken as far back as 1971. A number of important
points were discussed:

1) No measurable PCBs had been found in virgin wood.

- - ! : -2) Exhaustive sampling and analysis had failed to identify

any PCB generaticn during the pulp bleaching stages.

3) Process chemicals were surveyed to identify any sources
of PCB and none were fourd.

4) Data would be made available through API.

- A tour of the Camas Mill, which makes specialty papers, was taken.
This mill used virgin pulp, a small amount of purchased pulp, sawdust and wood
chips fram suwrrourding sawmills as its raw material. Inputs of PCB were there-
fore limited to that occurring in the intake water.

I-3.7 Weyerhauser Company . o
on June 25, 1976, Dave Morris and Ted Ross of the Weyerhauser
Corporate Engineering Department at Tacama, Washington met with a Versar rep-
resentative. Mr. Ross had previously been involved with EPA contract work
which related to effluent guidelines for the pulp and paper industry and both
were following PCB-related matters.

I-16
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W'spap&makﬁagl:peratimsambasedonal%percmt
virgin fiber raw material. As a result, it was believed that this mill would
only encounter PCBs that were associated with the intake water, or as a result
of internal PCB uses in transformers or capacitors. Contingency spill plans
were set up in every mill; transfammers containing PCBs were diked and
monitored for any signs of leakage. -
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1.0 EXBCUTIVE SUMMARY

1.1 Historical Background

In 1966, Soren Jensen reported the presence of PCBs (polychlorinated
biphenyls) in Swedish fish and wildlife as a result of a study begun in 1964.
The Food and Drug Administration began, in 1967, a program to develop analytical
techniques for PCBs. During this period concern about PCBs in food and in the
enviroment of the United States was increasing. In 1969, FDA alerted its
Districts to expect PCBs in food samples, and to analyze for PCBs in foods
sampled for pesticide analysis. Findings of PCBs in fish, milk, eggs, and
poultry samples occurred throughout 1969 and 1970.

In August, 1971, a significant level of PCBs was found in a grain and
cereal camposite of a Market Basket sample by FDA in their Total Diet Studies,
and the contamination was traced to the greyboard packaging of a cereal. According
to FDA (supporting data for Press Briefing by Dr. C. C. Bdwards, September 29, 1971,
the highest PCBs level found in greyboard was 433 ppm. FDA met separately with
the American Paper Institute and with food manufacturers in September, 1971 to
inform them of the PCBs problem in foodboard and to discuss approaches to its
solution.

By the end of September, 1971, all concerned parties appear to have
agreed that the major source of greyboard contamination was recycled carbonless
copy paper which was known to contain PCBs. Production of this material had
ceased as of June 1, 1971, but recycling was continuing. In the same time frame,
Monsanto Industrial Chemicals Cob., essentially the sole U.S. producer of PCBs,
a.rm:pced cessation of sales for all but closed electrical systems (capacitors
and transformers) applications.

On July 6, 1973, the FDA issued its final rule-making document on
tolerance levels of PCBs in variocus foods and paper food-packaging material (10
pem for paper food-packaging). By this time the paper industry had succeeded in
reducing PCB levels in food-packaging materials made wholly or partially from
recycled fiber to well below the FDA tolerance limit. This appears to have been
accamplished through more judicious selection of recycled fiber for foodboard
manufacture, including:



.= T{1) Cessation of use of cutting scrap fraom office form production N
- - - ~  (where carbonless copy paper content could be very high); and _ N

- @) Limitation or selectivity in the use of office waste for _
foodboard production.

" — levels of PCBs in foodboard have generally continmued to decline since
1973 to'a current level of less than one ppm, except for occasional "hot spots"
resulting in levels of up to five pom. These "hot spots" are generally attributed
-to the inclusion of significant quantities of cutdated office files containing
carbonless copy paper. PCB levels in other paper products are also in the one

pan or below range; those made from virgin pulp, of course, exhibit by far the
lowest PCB levels.

"
-

1.2 Carbonless Copy Paper

. Aroclor 1242, a mixture of PCBs containing an average of 42 per cent
chlorine, was purchased fram Monsanto and used in carbonless copy paper as an
ink carrier or solvent during the period 1957-1971. The total amount used for
this parpose was 44,162,000 pounds, approximately 28 per cent of the total
estimated Monsanto sales for plasticizer applications and 6.3 per cent of Q
Monsanto domestic sales of PCBs during 1957-1971. The average content of Aroclor
- 1242 in the carbonless copy paper was 3.4 per cent. '

The National Cash Register Campany (NCR) was the developer and sole
marketer of the PCB-containing carbonless paper, although Appleton Coated Paper
., Appleton, Wisconsin; Mead Corp., Dayton, Chio; Cambined Paper Mills,
Cambined Iocks, Wisconsin; and Nekoosa-Bdwards Paper Co., Port Edwards, Wisconsin,
at cne time or other performed +he actual production under license from NCR.

The Aroclor 1242 was used as a solvent for certain color reactants which
were encapsulated into microspheres producing aggregates 10-20 microns in diameter
and applied to one side of the paper during the coating process. The walls of the
microspheres were an aldehyde~hardened gelatin-qum arabic formulation which ruptured
and released the dye under application of local high pressures as from pens or

pencils. In 1971 alkyl-biphenyls were used as the dye carrier in place of
Aroclor 1242,

O
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It should be noted here that BEHS, primarily Avoclor 1254, were used
'to a limited extent in printing inks. The total usage in this application is
estimated at 50,000 pounds, primarily in the 196871 time frame. No other actual
or potential usage of PCBs in paper product or usage besides the copy paper and
these inks has. been definitely identified to date.

1.3 PCBs in Paper Mill Effluents

It has been recognized for several years that effluents from paper mills
. contain envirormentally significant quantities of PCBs. The PCBs in these waste-
water streams are generally more similar to Aroclor 1242 than to any of the other
Aroclors or to PCBs found in the general environment and bicta (which tend to
exhibit chramatographic fingerprints corresponding to higher chlorine contents
than 1242). Thus, although introduction of PCBs into paper-making processes
through process water usage undoubtedly occurs (PCB levels at water intakes of
papeimﬂlsaverageaboutOlppb),themjorsourceofpmcesscmtaninatimby
PCBsappearstobecarbcnlesscopypapercmtamedmrecycledwastepaper

Amxnberofpaperm:lls,mrespmsetothemedformpmvemtofwater
quality, have installed or are now installing waste treatment processes which are
expected to greatly reduce the PCB levels in their effluents. However, these
levels may still be typically above the one ppb level proposed by EPA on July 23,
1976 as an effluent standard for capacitor and transfommer manufacturers, and the
quantities of wastewater from paper mills are generally much larger than from such
equiprent manufacture. In addition, sludges or concentrates from paper mill
water treatment may be sufficiently high in PCBs as to warrant concern about pro-
per disposal. 4 -

‘ The magnitude of the PCB control problem is illustrated by the existence
of 230 paper mills producing pulp campletely derived from recycled wastepaper and
550 other facilities utilizing some fraction of secondary fiber in their pulp
production (typically 10 to 15 per cent). Recycled wastepaper amounts to
aboutummmtonsperyearasapllpsoume,thudmmportancetopulpwood
and forest product wastes.



To- &xlsitemammmtsardlaf:orato:yexpeﬁmtshavestmﬂuemm
be substantive to fiber; that is, preferentially associated with the fibers rather
- than the water- in which they are carried. Highest PCB concentrations in fiber
slurries are associated with the smallest fiber particles, the "fines". Econamical
utilization of the fiber requires it to be exhaustively recycled in attempts to
- associate it with the paper being manufactured. Fines comtrol porosity, surface
finish and affect Brightness of the product. Discharge of PCB from a typical
mill tims appears to be primarily by way of the suspended solids. Removal of
susperded solids acocamplishes PCB removal, and a cansideration of the high surface
to volume ratio of the smaller particles shows why they are the ones that need
to be removed for a low PCB effluent,

A contimued trend of increased water recycling is exhibited by the
industry, for the purpose of minimizing external treatment costs as well as re-
covering chemicals, heat and raw material from process streams. This has culminated
in the design and construction of a totally process-effluent free bleached kraft
pulping mill in Canada. Only non-contact cooling water will be discharged.

New end-of-pipe treatment systems, such as the Zum-Attisholz 2-stage activated
sludge system installed by Wisconsin Tissue Mills, offer promise of significant
reductions in BOD and suspended solids/PCBs. Cost estimates for carbon absorption
treatment (end~of-pipe) range from $886 to $1227 per pound of PCB removed.

Sane data exists to show net removal of PCB from an intake water as
evidenced by a lower concentration in the effluent. The paper-making process in
such a case is withdrawing the PCBs from the envircrment and stabilizing them in
the mxch less mobile paper phase. Of course, mumerocus routes whereby these PCBs
can become remobilized (in air or water) are available.

- It is believed that essentially all of the Aroclor 1242 used in carbon-
less copy paper has been released to the enviromment (assuming negligible degrada-
ticn). At the present time more than half can be attributed to landfills and the
remainder dissipated. In a sense, these PCBs were mobilized upon the initial
production of the paper, and their passage through paper mills merely resulted in
partition between the accepting media (water, air, solid wastes, products).




2.0 PROCESS TECHNOIOGY OF THE JIPANDPAPER ER ' INDUSTRY

2.1 Background

mlpandpapermanufacmﬁngconsistsoftmqiétinctpmcesses.
Pulping is the reduction of whole wood or waste paper into a semi-liquid
fibrous mass, while papermaking consists of foming discrete fibers into paper
sheet or paperboard. merecarlalsgbeanciJ.larYOPerati.onswtlichprovi.de
special features such as coloring, coating and backing.

The processes require four basic raw materials: fiber, water, energy
and chemicals. In contrast to the earliest mills, newer mills may be located
sare distance from their fiber source, especially in the case of recycling-
oriented mills where proximity to fiber means an urban center rather than a
forest. The water requiremefit is definitely being reduced in magnitude as
the benefit of assisting in meeting more stringent discharge criteria as well
as recovering chemicals from process waters and meeting energy needs by re-
covering energy. fram organic wastes.

The wood used in pulp and paper manufacturing is called pulpwood. It
can be either hardwood fram deciduous broad leaf trees, or softwood from con-
iferous or needlebearing trees. This categorization reflects the proportion of
cellulose to lignin (the substance which holds the fibers together). The supply
arrives at the pulping facility as logs, chips made from roundwood, as sawdust,
slab or chip residues from saw mills.

In traditional logging practice, the central portion of the tree was
utilized in the pulping mill requiring a removal of the bark from the log.
Mechamical debarking or hydraulic means are used with the bark often collected
and burned as an energy source.

2.2 General Pulpirig Techniques

Regardless of the type of process involved, the basic abjective of
pulping is to reduce the wood to non-woody fibrous materials by rupturing the
bonds between the fibers of wood. This task entails either cocking the pulp-
wood (using suitable chemicals) in a digester under controlled conditions of



tangemmre,andpressureorreducmgthevmdmflbersbymed!amcal )

2.2.1 Mechanical Pulping - -

.:  Mechanical pulping, scnetinesca]led"theg:mnﬂwoodpmcess,
-operatesbymdmmalnems,gmemuyusmgelﬂzeralargegrﬁﬂstmeora
machine called a-"refiner®. The present methods of mamufacture d not differ in
. principle -from that of 1867, though the size, capacity and fomm of the grinders
. have undergone much change. In all equipment the logs of wood are pressed against -
-the face of a rapidly revolving grindstone in such a way that the length of the
log is parallel to the shaft holding the stone. In the older grinders, logs two
feetlmgvareplacedbyhandippocketsattachedmthegrﬁﬁerfrane,andwere
forced against the stone By pressure plates operated hydraulically . Usually there
were three pockets on each stone so that one ocould be opened, filled with wood,
and put back into operation without shutting down the entire grinder.

Modern grinder installations are very different in appearance
from these old ones, and operate much more efficiently. Continuous magazine
grinders have been developed, in which the logs are fed into the grinder on one O
floor and dropped down through the magazine to the pockets of the grinder on the
floor below. Such grinders are usually installed in pairs driven by a motor which
may rate as high as 4000 horse power and have a tarning speed from 3,500 to 5,000
Xpm.

The increasingly popular disk mill method uses a refiner to shred
and grind groundwood chips between counter-rotating metal shearing disks. Refiner-
ground wood, which usually has longer fibers, is preferred over stoneground wood
since it yields a stronger paper.

. Bothtypesofnecham.calg:lpersaregenerallyusedmanmte—
gratedpapema]m:gfacihty,mwhmhﬂzemultantfmermﬂwcenedbyremval
of water and stored as slush pulp rather than being formed into flat sheets for
sale as market pulp. Characteristically, groundwood pulping requires high power -
over 32,000 kw to operate a 500 ton per day groundwood mill.



Unlike chemical palping, groundwood pulping entails considerable
fiber damage. It produces a relatively weak paper that discolors easily an
exposure to light. On the other hand, groundwood processes have the advantage
of converting about 95 percent of the dry weight of wood into pulp, campared to
about 50 percent for chemical processes. The strength problem may be overcame
by adding long-fibered chemical pulp to groundwood pulp between the pulping and

Groundwood pulp constitutes 70 to 80 percent of newsprint by
weight. Groundwood plants are principally located in Canada and the southern
U.S., where the supply of softwood and electricity is ample.

2.2.2 Chemical Pulping

Chemical pulping is the process of cooking wood with suitable
chemical reagents to dissolve and degrade the lignin, the cementing material
between the wood fibers, and allow the fibers to-be easily separated. The
diversity of pulping processes is increasing in response to the availability of
improved technology, the need to improve productivity, and the requirement to
curb pollution. Currently, two major chemical techniques and one semichemical
technique of widespread camercial importance are employed.

The most significant chemical processes are the sulfate or kraft
process, the acid sulfite process, and the neutral sulfite process. In the kraft
and the acid sulfite processes, the debarked and chipped wood is loaded into a
large metal digester along with the appropriate chemicals in an agueous solution.
Heat is applied and cocking is continued, usually at high temperatures and pres-
sures, until the desired degree of delignification and purification is obtained.
Cooking transforms lignin, same carbohydrates, resins, and mineral matter into
soluble campounds that can be removed by washing. For most pulp grades, over 95
percent of the lignin is eliminated. Because the cooking liquid also attacks and
removes sane desirable hemicellulose and cellulose from the wood, relatively poor
vields are inherent in chemical pulping.

The type of process and products involved determines the necessary
cooking conditions. The important variables are the size and physical properties



. of-the chips,-the liquor camposition.and concentration, and the time, pressure,
and temperature of cooking. The liquor concentration is the most important
variable since it affects the reaction rate and cocking time; a large initial O
concentration increases the reaction rate but decreases the yield since the
stronger liquor removes or weakens more of the desirable cellulosic materials.
Fram an econamic standpoint, the most important variables in cooking are the
chemical composition and the thermal energy requirement. The industry is con-
cm;ratmgmimvedmﬂbdsofrewveringandmcydingtbechsniczlsand
of reducing energy inputs.

The acid sulfite process, discovered in 1874 and well established
cmm:mallyby 1890, remained the most important chemical process until it was
overtaken by the kraft process in 1937. Here, the cocking liquor is made at the
mill by burning sulfur in air $o form sulfur dioxide and reacting the gas with
limestone to produce a cocking acid of the desired camposition and concentration.

For years the only base used was inexpensive calcium, but sodium,
magnesium, and ammonia-based sulfite liquors have come into use recently,
especially in Scandinavia and North America, for various reasons: reduced cooking
time, easier recovery of cocking chemicals, reduced stream pollution, more market—o
able by-products, fewer required screenings subsequent to cooking, and greater
brightness. However, the soluble bases other. than calcium cost four to five times
more per ton of pulp and their advantages in yield, reduced cocking time, and
improved pulp quality alone, without the possibility of spent liquor recovery and
before the advent of stringent pollution’ controls, would not have warranted in-
dustry use.

Since the spent liquor in the calcium-based process is uneconamical
to recover and presents a major water pollution control prok’em, most plants will
abandon the process unless an econcmical way can be found to recover or dispose of
the spent liquor. Spent liquor has been variocusly used, e.g., as a road binder or
in the manufacture of yeast, vanilla, alcohol, fertilizers, insecticides, tanning
agents, and inks. It can also be burmed in concentrated form to produce power and
steam; the heat value of the dried sulfite waste is about two—thirds that of
industrial coal, but much of the energy produced must be used to evaporate and con-
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centrate the liquor in preparation for burning. Even this limited recovery is
likelytobecanennmattractiveasenergypricesﬁse.

Despite such efforts to find alternative uses for the spent
liquor, most mills have contimued to dispose of it as a waste product. Recent
water pollution control requirements might alter this trend.

The kraft (sametimes called the sulfate) process is now pre-
dominantly used in pulping. The name "sulfate®™ (derived fram the sodium sulfate
used as the make-up chemical in the chemical recovery process) is misleading since
the active cooking agents are mostly sodium hydroxide and sulfide.

As in the sulfite process, wood in chip form is cocked in large
steel digesters in the presence of a cocking liquor and under conditions of
ele.vatedtanperaturesandpu:‘es‘sures The cooked chips are then defiberized in a
blow tank and screened as necessary before washing and bleaching. The prepared
pulp may be either pressed and dried into flat sheets for sale or shimment to

another facility or retained in a slurry form for use at an adjoining paper or
paperboard plant.

The kraft process has various advantages: it can be used on al-
most any species or quality of wood; its cocking times are short; it entails no
pitch problems; recovery of the spent liquor is relatively easy; and it yields .
valuable by-products. The pulp produced has great strength and can be bleached
- high levels of brightness. The efficient chemical recovery system is especially
advantageous and econcmical since the sodium hydroxide used in the kraft process
is a very effective but relatively expensive chemical.

The principal disadvantages of the process are its high capital
costs, high cost of bleaching, and discharge of several highly malodorous waste
gases (e.g., hydrogen sulfide). Regulations requiring controlled discharge are
thus significantly affecting the econamics of the kraft process. Electrostatic
precipitators and scrubbers are being used to reduce odor by precipitating dust
particles to which the odor producing particles cling. Unfortunately, since the
wastewater from these cleaning operations cannot be used for pulp washing be-
cause the odor is imparted to the pulp, this deodorizing method merely substitutes
a liquid waste problem for a gasecus one.



2.2.3 Semichemical Pulping Dl e

..z _ Semichemical pulping, which cambines mechanical and chemical.- O

p:lp:n;feaunes,dmmanytreatsﬁxevmdtoaduweparualsoftaungand
then uses mechanical refining to camplete the fiberization. Semichemical pulp-
ing offers several advantages over both chemical and groundwood processes. The
yvield is fram 65 to 90 percent of the weight of the wood because only part of
the lignin and hemicellulose is removed. This is considerably better than the
straight chemical process. The chemical pretreatment reduces the amount of
power_necessary for the subsequent mechanical reduction, increases the average
fiber length, and enables the process to be used effectively with hardwoods.
In addition, since semichemical pulping uses fewer chemicals than the pure
chemical processes and requires a lower capital investment, it lends itself to
use in smaller plants. One drawback is that semichemical pulping only works
well for hardwood and is not used for softwood species.

The two most important types of semichemical pulping are the
nentral sulfite semichemical and the cold caustic processes. The more widely
used neutral sulfite process treats the wood with a solution of sodium sulfite
which, during cocking, is buffered to about pH 7 with a uffering agent such as
sodium bicarbonate. The physical characteristics of the neutral sulfite process
palp make it particularly well suited for use as a corrugating medium. The
neutral solution produces a pulp with high yield, about 65-80 percent, strength,
and hrightness without offensive odors.

'mecoldcaustlcpmcess,whlduenployscaustmsoda(sod:.un
hydraxide) to produce coarse pulps for corrugating and same finer pulps for
printing papers, is particularly useful with high density hardwoods that cannot
be used in the groundwood process. Efficient use of chemicals and reduction of
the mechanical energy required for subseqent refining make this process lower
in operating costs than either groundwood or other semichemical processes. The
pulps produced are inferior to kraft pulps in physical properties but stronger
than or equal to groundwood pulps made from softwoods.

Chemical recovery in semichemical mills, unlike in the kraft
system, can use a number of chemical processes. For the semichemical process
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using caustic soda, a redovery procésd ‘Similar to that used to recover sodium
hydroxide in the Kraft process may be used. Most of the remaining techniques
involve either cambustion orf cross-recovery (using the kraft mill recovery
system) .

.2.2.4 Secondary Fiber Pulping

Secondary fiber, derived from wastepaper, is a principal source
of pulp for same papermaking facilities arcund the large metropolitan areas.
Secondary fiber accounts for about 20% of the fiber used for pulp today. Al-
though the rising cost of fiber will undoubtedly induce the industry to increase
use of secondary fiber (especially recycled paper, the highest-quality waste-
paper used for making pulp today), such increases may be less than is popularly
anticipated. Rising energy odsts, the difficulty of separating wastepaper from
other trash, and the lack of captive supplies may limit the growth in use of
wastepaper as a fiber source. Mills that use wastepaper generally have little
control over their secondary fiber supply, although firms are increasingly
seeking long-term wastepaper supply arrangements.

2.2.5 Dissolving and Special Pulps

Variations of the basic sulfate and sulfite processes which
produce pulps for paper and paperboard are used to produce a special type of
palp called dissolving pulp. This segment of the pulp industry has beccome so
specialized that it operates much as a separate industry. To generate dis-
solving pulp, pulps produced by kraft or sulfite processes are chemically
parified to remove all semi-cellulose and to extract pure cellulose. The pure
cellulose is then used as a raw material to produce rayon, cellophane, and cel-
lulose derivatives used in such diverse products as explosives, detergents,
lacquer, food product thickeners, hand lotions, and automobile accessories.
Dissolving pulp is also used to make glassine paper (the paper that forms the
clear window in window envelopes). Dissolving pulp facilities are frequently
located adjacent to kraft and sulfite mills so that the pulp can be delivered
in slush form without drying.



2.3 EPA Classification of Mills by Pulping Method : :

- It is af the pulping stage that the process schemes allow for difs= _

ferentiation between plants. In campliance with certain sections of FWPCA of

1972, EPA has established the following sub-categories of pulp, paper and paper-

board operations for the purpose of establishing effluent guidelines:¥*

14.
15,
16.
17.

-EPA defines each class of mill as follows:
1. BLEACHED KRAFT: DISSOLVING PULP means that prciuction of a highly bleached

Table 2-1 EPA Mill Classification

Bleached Kraft: Dissolving Pulp
Bleached Kraft: Market Pulp
Bleached Rraft: Fine Papers
Bleached Kraft: B.C.T. Papers
Papergrade Sulfite

Papergrade Sulfite Market Pulp -
Low Alpha Dissolving Sulfite Pulp
High Alpha Dissolving Sulfite Pulp

Groundwood: Chemi-mechanical (CMP)
Groundwood: Thermmo~mechanical (TMP)
Groundwood: Fine Papers
Groundwood: C.M.N. Papers

Non—-Integrated Fine Papers
Non-Integrated Tissue Papers
Non-Integrated Tissue Papers (fwp)

cook® operation termed prehydrolysis.

. palp by a "full cook" process utilizing a highly alkaline sodium hydroxide and
sodium sulfide cocking liquor. Included in the mamufacturing process is a "pre-
The principal product made by mills in
this subcategory is a highly bleached and purified dissolving pulp which is used

Principally for the mamufacture of rayon and other products requiring the virtual
absence of lignin and a very high alpha cellulose content.

* Raference No. 1l; further industry and process descriptions, including waste-

-

water characterization, can also be found in this and associated references. O
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2. BIEACHED KRAFT: MARKET PULP fesns the production of bleached pulp by a "full
cook" process utilizing a highly alkaline sodium hydroxide and sodium sulfide

. cooking liquor. Included in this subcategory are mills producing papergrade
market pulp as the only product. |

3. BLEACHED KRAFT: FINE PAPERS means the production by integrated pulp and paper
by a "full cook" process utilizing a highly alkaline sodium hydroxide and sodium
sulfide cocking liquor. The principal products made by mills in this subcategory
are fine papers which include business, writing, and printing papers.

4. BLEACHED KRAFT: B.C.T: PAPERS means the production by integrated pulp and
paper mills of bleached pulp and paper by a "full cock™ process utilizing a highly
alkaline sodium hydroxide and sodium sulfide cocking liquor. The principal
products made by mills in this subcategory are papers of low filler content
including paperboard (B), coarse papers (C), and tissue papers (T).

S. PAPERGRADE SULFITE means the production by integrated pulp and paper mills of

pulp and paper, usually bleached, by a "full cook” process using an acidic cooking
liquor of bisulfites of calcium, magnesium, ammonia, or sodium containing an excess
of free sulfur dioxide. The principal products made by mills in this subcategory

aretissueandfinepapers.

6. PAPERGRADE SULFITE MARKET PULP means the production of pulp, usually bleached,
by a "full cook" process using an acidic cocking liquor of sulfite of calcium,
magnesium, ammonia, or sodium containing an excess of free sulfur dioxide. The
principal product made by mills in this subcategory is papergrade market pulp.

7. LOW ALPHA DISSOLVING SULFITE PULP means the production of highly bleached and
‘purified pulp by a "full cook" process using very strong solutions of bisulfites

of calcium, magnesium, ammonia, or sodium containing an excess of free sulfir dioxide.
The pulp produced by mills in th:.s subcategory are viscose, nitration, or cellophane
gradesandareusedmpallyforthenanufacﬂmeofrayonandcﬂaerpmd.wts
requiring the virtual absence of lignin.

8. HIGH ALPHA DISSOLVING SULFITE PULP means the production of highly bleached and
purified pulp by a "full cook" process using very strong solutions of bisulfites of
calcium, magnesium, ammonia, or sodium containing an excess of free sulfur dioxide.




.- 'The pulp produced by mills in this subcategory is principally acetate grade and
the principal-uses are for the manufacture of rayon and other products requiring
the virtual absence of lignin. ' -

-—9.'ﬂnﬁmsthepmoimﬁmbyint@ratedpﬂpandpapgﬁmﬂlsofﬂeachedgﬂp
- mdpaperbfa"fuﬂcodc‘pmcessutiﬁzﬁgahigﬂyaﬂalﬁesodimhydrmdde
cocking liquor. The principal products made by mills in this subcategory are

printing, writing, and Business papers. L

10. GROUNDWOOD: CHEMI-MECHANICAL means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, utilizing a chemical cocking °
liquor to partially cock the wood followed by mechanical defibration by refining
at atmospheric pressure. The principal products made by mills in this subcategory
are fine papers, newsprint, and fivlded fiber products.

1. GROUNDWOOD : THERMO-MECHANICAL means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, by a brief cook utilizing
steam, with or without the addition of cocking chemicals such as sodium sulfite,
followed by mechanical defibration by refiners which are under pressure. The
principal products made by mills in this subcategory are fine papers, newsprint, O
coarse papers, and tissue products.

12, GROUNDWOOD: FINE PAPERS means the production by integrated pulp and paper mills
of pulp and paper, with or without brightening, utilizing only mechanical defibra-
tion by either stone grinders or refiners. The principal products made by mills
in this subcategory are fine papers which include business, writing, and printing
papers.

13. GROUNDWOOD: C.M.N. PAPERS means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, utilizing only mechanical
defibration by either stone grinders or refiners. The principal products made by
"mills in this subcategory are papers of low filler content including coarse

papers (C), molded fiber products (M), and newsprint (N).




14. DEDNK means the production of pulp and paper usually brightened or hleached
from recycled waste papers in which an alkaline treatment is used to remove
contaminants such as ink and coating pigments. The principal products made by
mills in this subcategory are pa:intiﬁg, writing and business papers, tissue papers,
andnewspnnt |
1s. bm-DmBGIWEEDFmEPAPERneansthemamfacumeoffmepapersbymn-
integrated mills from wood pulp or deinked pulp prepared at ancther site. The

pnnclpalpapersmadebymlllsmtmssub@tegoryareprmtmg writing, business,
andtectm.calpapers

l6. bm—mmmSUEPAPERueansﬂmn\armfacumoftissuepapersbynm-
integrated mills from wood pulp or deinked pulp prepared at another site. The
p::mpalpmdxmtsnadebymllsmﬂussubcategoryamfacmlandtoﬂetpapers,
_glassme,pape.rd:.ape::s and paper towels.

17. NCN-INTEGRATED TISSUE PAPERS (FROM WASTE PAPER) means the manufacture of
ussuepapersbynmm-mtegratedmllsfrcmrecycledwastepapers (fwp). The
prmupalpmductsmdebymﬂsmthzssubcategoryarefac;alandtoﬂetpapers
glassine, paper diapers, and paper towels.

The effluent limitations and standards for the above subcategories are
based upon on-site manufacture of all of the pulp (including deinking of waste
paper) used to produce the final products (i.e., no supplementary fiber source
such as purchased pulp or waste paper was included in the detemmination of the -
effluent limitations or standards). The exception to this is the Groundwood:

OMN Papers and Groundwood: Fine Papers subcategories which were based upon ground-
wood mills manufacturing papers from pulp produced on-site and from purchased
pulp used as supplementary fiber. ! of particular interest from the standpoint
of PCBs and waste paper recycling are categories 14, 15, 16 and 17. '

2.4 Papenmaking Processes
2.4.1 Background

For most paper and paperboard products, the papermaking machine
receives prepared paper stock containing about 199 pounds of water for every pound
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of dry material, passes it through a series of operaticns to form it into a
continuous web and to remove the excess water, presses the wet sheet to remove O
still more water and to make the sheet still more dense, dries it over heated
driers and finally reels it up into large rolls. This change from stock con-
taining almost ten tons of water per 100 pounds of dry matter to a sheet of

paper which seldom contains over 5 pounds of water in 100 pounds of dry paper
takesplaceinjustafewnﬁ:mtesaccordinqtothesmedofthemadﬁne. A
schematic of the overall process is shown in Figure 2-1.

. Although many mechanical variations and improvements have been |
made over the years, only two basic types of paper machines, the fourdrinier
and the cylinder, are used today. Both were invented over a century ago. These
mdﬁn&sdiffersigrﬁficantly‘i,ntheneﬂndoffomingthefiberweb.

The fiber stock is subjected to a series of refining and clean-
ing stages prior to its introduction to the paper machine. These stages are
chosen to produce the desired fiber characteristics to meet the product's needs.
The fiber stock is mechanically refined in heaters or continucus refiners to
fray or "brush" the individual fibers. The frayed fibers will have a tendency
to mat together and the degree of matting will produce the required strength in
the final paper. In fine papers where a compact, tight mat is required the
stock may also be pumped through a fordan which will cut the fibers to the re~
quired length with a limited amount of brushing.

2.4.2 Fourdrinier Paper Machine Process

In the fourdrinier, the refined stock is pumped to a headbox
which controls the amount of stock flowing to the paper machine "wire" and thus
maintains the paper at the desired consistency. The carefully diluted stock
(~ 0.5% solids) is then spread evenly on the "wire" (a woven brass or bronze
cloth, the mesh of which differs in type and size of opening according to the
paper being made) to form the paper. Water drains through the wire, and is
squeezed from below to assist in the drainage. The transfer of the sheet to
presses is accamplished with a suction pick-up roll. The sheet leaves the "wet-
end" of the machine at a consistency of 35 to 40% solids and is passed through
beated, hollow iron or steel drum dryer rolls in the dry end. Because of its
higher output speed and greater versatility the fourdrinier is more cammon than Q
the cylinder. - -



Figure 2-1 gives a schemtic process flow diagram for the
fourdrinier paper machine. Of special interest is the recycling loop of both
water and fiber fram the fourdrinier section back to the rich white water tank,
saveall and filtered white water tank. This stream is the major inplant carrier
of fines-related PCBs, and is shown to be repeatedly passed through the fourdrinier
to incorporate as much of the fiber and fines load as possible in the product
paper.

2.4.3 Cylinder Paper Machine Process

In the cylinder machine, the headbox and wire found in the four-
drinier are replaced by a wire-covered c¥linder mold which is partially immersed
in the prepared stock.

2

meprincipj'l.eofthecyljndermachinediffersf:unthatofthe
fourdrinier in several respects. Instead of the sheet being formed on an endless
belt of woven wire through which the water drains, leaving the fibrous stock on
its surface, the cylinder mold revolves while partially immersed in a vat of the
dilute stock and theisheet is formed an the surface of the wire—covered mold.
This is accamplished by maintaining the water level within the cylinder lower
than that outside so that the water drains into the cylinder leaving the stock
on its surface. The web of paper formed by the revolving cylinder is removed off
the top of the cylinder by a felt. Usually a cylinder machine consists of several
cylinder molds and vats supplied with stock entirely independeltly, and as the
felt passes over each cylinder in turn it picks up the sheet fram each, thus
making a sheet of multiple layers. This makes it possible to form sheets with
surface layers differing from those within the sheet, either in color, kind or
fiber or both.

The same basic flow process is associated with cylinder machine
as the fourdrinier shown in Figure 2-1; however, as mentioned above, the final
product may be multi-layered, requiring a parallel stock flow through each
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2.5 Paper Industry: Size and Distribution

. 2.5.1 Water Usage

Census Bureaun data shows that Paper and Allied Products had a
1973 water intake of 2,415 billion gallons. Gross water usage was estimated
to be 8,126 billion gallons. The ratio gross/intake shows how much water re-
use is occurring. The historical trend is shown on Table 2-2.

Tahle 2-2
Water Usage 'in Paper and Allied Products Industries
Gross Water Intake Water
Year (billion gal) (billion gal) Gross/Intake
1
1973 8127 2415 3.36
1968 6522 2252 2.89
1964 5491 2064 2.66
1959 5046 1937 ' 2.60
1954 4242 1786 2.38
‘ Between 1954 and 1973 water intake increased by 35%. In the

same period, total paper and paperboard production rose 106%. The trend to
internal water recycling is well documented and continuing. A report by Rapson (%)
describes the processes to be used at the bleached kraft mill of Great Lakes
Paper Co., Ltd. at Thumder Bay, Ontario. This mill will start up in late 1976
and will recycle virtually all of its water, emitting only low temperature heat
in uncontaminated cooling water. Projections indicate this to be at a lower
cost than use of external treatment. One major reason will be the conservation
of heat in the counter current washing of the bleached pulp.

Allowing for a 5% water loss associated typically with product
moisture, about 2.2 trillion gallons of water was discharged to U.S. waterways
in 1973. Average runoff for the continental U.S. is given by Todd‘3) as 655
trillion gallons. A simple division indicates that the paper and allied product
discharge is 0.33% of the total continental rumoff. Since the discharge is not
evenly distributed over the rivers, the water quality of even large streams can
be strongly affected by the effluent loads fram paper mills.
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2.5.2 Production History TS

- There is much potential for confusion in the utilization of O
datafrmﬂuep:lpaﬁpapermuybecwseovertheyearsforwmchmfor-
mation has been retained, new products as well as new.processes have appeared.

As a result, the categorization of the ocutput of the industry is constantly
chahging. While the categories are relatively stable over a short temm period,
they have changed noticeably during the long term. The general overall trend

has been aone of production increase, underlain with a use of recycled waste

paper which has varied with world econamic and political conditions. Table 2-3
Bureau of Census, American Paper Institute and other sources for the 1957-1974
period.

According to the last colum of Table 2-3, the rate of recycling
hasranainedvirmallyconstazztatabartzg%sincelz%a. Even with the emphasis
on re-~use and conservation of natural rescurces, little change can be seen.
Lingla!® states that paper constitutes 31% by weight of mmicipal solid wastes
going to disposal. Of that paper, 29% is corrugated containers, newspapers and
printing papers are each 20%, and packaging and the other categories make up the
balance. Slightly more than half of all paper wastes are from residences with

Source separation is a basic part of most collection systems
focusing on recycling. Newspaper bundling in residential areas and coapacted
corrugated carton collection fran comrercial establishments are examples of
such source separation schemes. This is required so that a paper mill utilizing
recycled paper in its furmish (raw material) can be assured that the proper
type of fiber is going intr its process.

The type of catch-all waste which emanates from offices, govern-
narrtamicmnexcialfinnsistem\ed“mixedwasba" While it can be utilized by

segments of the paper industry, there exists the chance in this waste stream for
the carbonless copy paper which contains PCBs.
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TABLE 2-3

Product OQutput and Recycle Rate

Output Paper Stock .

Paper Paperboard Construction Board Total Recycled % Production
Year (10° tons) (10° tons) (10° tons) (10¢ tons) (10° tons) Recycled
1957 13.6 14.1 3.0 30.7 8.5 27.7
1958 13.5 4.1 3.2 30.8 8.7 28.2
1959 15.0 15.5 3.5 34.0 9.4 27.6
1960 . 15.4 15.7 3.4 34.5 9.0 26.1
1961 15.7 16.4 3.4 35.6 9.0 25.2 )
1962 16.5 17.5 3.4 37.5 9.1 . 24.3 -
1963 17.3 18.2 3.7 39.2 9.6 T4 ..
1964 . 18.2 19.6 3.9 4.7 9.8 23.5 -
1965 19.2 20.8 4.1 44.1 10.2 23.1
1966 20.7 22,6 3.9 47.1 10.6 \ 22.5
1967 20.9 22,1 3.9 46.9 9.9 ' 21.1
1968 22.4 24.5 4.3 51.2 10.2 ~ 19.9
1969 23.6 26.1 4.5 54.2 10.9 20.1
1970 23.6 25.5 4.4 53.5 10.6 19.8
1971 23.8 . 26.1 5.1 55.1 11.0 20.0
*1972 25.4 28.5 5.5 59.5 11.7 19.7
1973 26.5 - . 29.7 5.7 61.8 12.2 19.7
1974 26.9 27.9 5.2 59.9 12.1 20.2



3.0 TRANSPORT CF PCBs IN THE PAPER INDUSTRY

3.1 PCB Sources to the Industry - - O

3.1.1 Influent Waters

- A representative value for PCBs concentration in the intake
waters of paper mills was deemed necessary for several aspects of the work. This
- value, which was detemmined to be 0.1 ppb, was derived frum several sources as
shown below.

During the early months of 1976, EPA instructed its Regicnal
Offices to conduct a sampling program aimed at identifying point sources of PCBs
to the envirorment. This Regional Surveillance Program reported in excess of
2,400 data points. Of these, 106 could be unambiguously categorized as having
cme from a natural body of water. With the elimination of a few samples suspected
of being contaminated, the average value of these "natural water" samples is 2.3
prb. However, the choice of sampling sites was usually contiquous +o a facility
which was already a potential PCB emitter, so that this value is probably more
represaitatlveofahlghuse, nxiust:::.allydevelopedstzeamratherthananemmn

'mentalbadcgmund. The intake PCB concentrations for paper mills mignt therefore O

be expected to be scmewhat less than this 2 ppb average. Paper mills faced with

suspended solids in their intake water will usually perform a clarification clean-
up prior to use. Such treatment would be expected to remove up to 90 per cent of
the PCBs fram the water (retained on removed particulates).

Dermis ) cbtained STORET data for BCBs in major U.S. drainage
basins and showed a range of median values for each basin from ND (not detectable)
to 0.3 ppb in his tabulation for 1974.

Data on intake water PCB concentrations fram the Institute of
Paper Cheamistry for eight Wisoconsin paper mills showed three mills reporting un-
detectable levels and the other five reporting an average of 0.2 ppb PCBs.

On the basis of the above considerations, the representative PCBs
level of the water used in paper mills was taken to be 0.1 ppb.
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3.1.2 Process Chemicals

Table 3-1 gives a typical listing of same of the major kinds of
chemicals used in pulp and paper meking. The amounts used on a per unit ton basis
vary from trace quantities to 280 lbs. for same pulping liquor constituents.

Both Crown Zellerbach and Institute of Paper Chemistry researchers
have tested process chemicals for PCBs. None have ever been detected except for
one specialty chemical reported by IPC. A rough calculation shows that to produce
a 2 prm PCB concentration in a product which uses 8 lbs. of trisodium phosphate
per ton of pulp (assuming a camplete extraction of PCB by the fiber), 2 grams of
PCB would have to came-in with the detergent. Its concentration in the detergent
would be 5500 prm, easily detected. Even an increase of 0.1 ppm in the product
from this source would requineta concentration of 27.5 ppm in the phosphate.
Present analytical capabilities allow monitoring at 1 pmm and below, so that PCB
inputs fram process chemicals would have been easily noticed.

3.1.3 Inks

The National Printing Ink Research Institute at Lehigh University
waswntactedfordetaﬂsmpmsautandpastusageof@sinprintingﬁﬂcs. The
major use reported was the NCR encapsulation procedure used in the carbonless copy
paper. A small number of patents do exist for PCB use as part of same inks
sensitive to ultraviolet light. However, they date from the very early seventies
and had not gotten into widely marketed use by the time the PCB use in carbonless
copy paper was stopped. To the best knowledge of NPIRI, ncne of these inks reached
camercial production and no.present day formulations utilize PCBs as a constituent.

Subsequent conversation with a representative of the Sun Chemical
Co.* indicated that PCBs were used for several years prior to 1971 in "flexographic"
inks used on flexible packaging. It was estimated that the production of such inks
during 1970 was about 20 million pounds, of which about five per cent of the pro-
duction would have contained PCBs at a two per cent by weight concentration. Thus,
the estimated use of PCBs for this purpose, apparently the maximum, was 20,000
pounds in 1970. The historical trend for this application is not known, but based

*Personal Communication with Mr., William Rusterhaltz, Sun Chemical Co., October, 1976.



TABLE 3-1

REPRESENTATIVE CHEMICALS USED IN PULP & PAPERMAKING "~ O
Ant )
Kan Chemical Symiol 1ba/Ton pulo Uses/Ramarks .
hewcniia m, 90-120 Sulfite pulping .
Mitxic Acid mz Nitric acid pulging-
Sodium Na, P, 24 Pitch dispersant for
hexanetaphoichate uu salfite pulp
Sodim pl.] Sequasterant for -
Trisodium NP0, (-] 4-8 Dainking detarcent - -
Sodhum Sulfate “Salt cake®, Kxaft — -
XS0, e cake
Sadium csq,aa Slime coxrtzal
pentachlorophanate
Sodlum Sulfits,  Ka,SD, . 140-220 Cooicing Uqor for neutzal
antyeirons sulfite semi-chamical
Sodlim Actid auasaz Buffer, reroves presidual
Sulfite chlarine from bleachad
. palp
Sadium Carbonats Na 0, Dainking, “soda ash™
Surfactants Dodecylphanal of 10-13 Deresination of pulp
etiyleme
Cxida bases 4-8 Deinking and defibration O
of wasts paper
Sulfsr Dicdde S)z Alaaching
Sulfuric Acid cmtrel, 13 ‘.
5,50, grwz reciny agen
Alumdioeam Al lacement
AlCl, rep
Sodim NaCR Bleaching, ’
hydrondde *caustic scda’
= 3,4,4 trichlorocarbanilide Bactericstat (microbiological
cntral) substantive 0
W =l pE adjust, clesaning agent
Qrthadichlorm- cssucx.z Claaning solvene for felts
» tates Ca,
Phospharic Acid a.,po‘ gdgm precipi
Miscallaneocus A large muber of special
ppose addicives; sweataners
lilke sacchrin, Like




on a five-year period of usage and linear growth during that period, it is
estimated that the total usage of PCBs in such inks was about 50,000 1b.

The above figure is roughly 0.1 per cent of total PCBs usage in
carbonless copy paper. In addition, flexible packaging materials typically were
plastic or contained plastic adhesives which render them unattractive for re-
cycling. Thus, it appears unlikely that the PCBs usage in flexographic printing
inks has contributed significantly to PCBs inputs to the paper industry.

3.1.4 PRecycled Waste Paper

As was indicated in Section 1.0, the major source of PCBs entry
into the paper industry appears to have resulted fram the use of Aroclor 1242 in
carbonless copy paper during 1957-71 and subsequent recycling of a fraction of this
product. To same extent, PCBs<contamination has spread fram this socurce through-
out paper products because of the affinity of paper for PCBs. A sumary of avail-
able data on PCBs levels in various types of paper products, by year, is presented
on Table 3-2. The recycling of these products tends to perpetuate the contamination.

3.1.5 Other Potential Uses or Scurces of PCBs in Paper Mills

Although paper mills utilize askarel-filled (PCB) transformers and
capacitors, and may have utilized PCB-filled hydraulic or heat transfer systems,
PCB-containing lubricants, paints, etc., it is considered unlikely that such
activities would be causing release of significant quantities of PCBs to either
effluent streams or product streams.

Similarly, it is also considered highly unlikely that PCBs are
produced in the practice of wastewater chlorination in the paper industry. Biphenyl
has not been identified as a waste stream constituent from this industry, although
very small amounts could conceivably enter via recycling of packing materials
(typically for fruit) which have been treated with biphenyl as a fungicide.

3.2 PCB Content of In~Plant Streams and Reservoirs

Data on PCB levels of in-plant process streams are almost completely non-
existent for three apparent reasons. First, at the cbserved low concentrations,
PCBs have no effect on product quality, so that internal monitoring is not reguired.
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TABLE 3-2

PCB CONTENT OF PAPER AND PAPERECARD

1968

Prior to
1970

1971

1972 )

1973

1973

1974

1975

1976

Virgin pulp

(1)
Recycled wastepaper
input

(1)
inpat (1970-1972)

Recycled paperboard
Virgin pulp

No. of
Samples

PCB Content
{pEm)

2
13

24
200

100
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Second, most plants, especially the oldér cries, are not planned with specific
capability for sampling in-plant flows, so any sampling done is more by opportunity
. than by design. Thirdly, cammercial PCB analyses cost from $60 to $100 per sample,
andasanphngprogramwltrmtacleargoalof canpliance with regulations or
product improvement is generally considered a poor investment. A PCB analytical
system would require capital costs in the range of $15,000 to $20,000 and anmual
expenditures for trained personnel, lab space, and operation of up to $50,000.

3.2.1 PCBs in Deinking and Pulping Process Water

The deinking process water is typically not a recycled stream,
although in many cases it represents a significant fraction of the total water .
usage for a recycling mill. Deinking procedures and conditions depend on the
product qualities desired (white or natural or color, etc.). Although same of
the PCBs associated with recycied paper will probably be stripped fram the fibers
d.:nngdeuﬂung,thlssrnﬂdmpmsentmﬂyamorfractlonofthetotalPCBload
of the reclaimed material.

During the pulping process the cellulose fibers are separated, and
this process should also release the PCBs or PCB-containing microballoons held
within the mat. PCBs already released frum microballoons would then be able to
distribute themselves between the fibers and the water.. Since evaporation and other
*losses of PCBs during pulping should be small, the above appears to be the situa-
tion when the slush pulp enters the paper mill.

3.2.2 Distribution of PCBs in the Papermaking Process

In the papermaking process (see Figure 2-1), most of the PCBs
entering with the pulp exit with the product. These would include most of the PCBs
in intact microballoons and most of the PCBs associated with fibers. In the drying
and calendéiing sections, the vaporization of excess water would be expected to
codistill free (not encapsulated) PCBs at or near the surface. This is the major
opportunity for vaporization loss in the process.

In a typical plant, much of the water in the papermaking process
(white water) is recycled as shown in Figure 3-1. White water fram the fourdrinier
or cylindrical machines contains dissolved and suspended PCBs. The fibers present
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are relatively small, with.high surfaceareé.perunit weight, so that the ratio
of PCBs to solids by weight may be as large as or greater than the PCBs content
.of the product. Much of the PCBs in suspended form is added back to the main

pmcesswi_ththeshortfibers,inorde.rtoccnservefiber. The liquid phase from
the "save~all", a separator unit, is filtered to futher remove fiber (which goes
back into the process) and the filtrate is discharged. This clarified save-all

yield can be one of the major camponents of the discharge from the plant. -

If we assume a 1 pom PCB concentration (typical of product PCB levels
using recycled pulp) in the fiber portion of the clarified save-all yield (at
120 mg/1 solids), the PCB concentration of that flow is 0.12 ppb which is effective-
ly the same as the intake value selected as representative, and near the lower
working limit of present analy;:.cal techniques. About 95 per cent of the PCBs
entering the save-all appear to be directly recycled back into the paper on the
PCBs first pass through the white water system. Thus, it appears that most of
the PCBs (and the solids) in the effluents arise from unit processes other than the
save-all.

Since it appears that most of the PCBs in paper mill effluents are
associated with the fiber solids (either encapsulated or adsorbed PCBs), the
major route of PCBs entry into wastewaters must then be via solids entry. On
Figure 3-1, this occurs primarily in the aqueous discharges fram the centrifugal
cleaners, machine screens, and press section. Fiber loss at these points is
sufficient to cause solids levels up to several grams per liter in the raw waste-
water.

3.2.3 Fate of PCB-Containing Microspheres

The hardened gelatin-gum arabic walls of the ink-carrying micro-
balloons used in the NCR carbonless copy paper are considered essentially stable
under conditions typically encountered in the use of secondary fiber. Thus, most
of the microballoons should proceed through the process intact. Most would be
expected to be incorporated into the product, because of the manner in which fiber
is collected in to product (essentially a filtration process).



: ; Based on the above, the PCBs content of the plant effluent should
consist of those microspheres not retained in the product and a fraction of that Q
released by breakage (through usage of the paper, during collection and transport

of wastes, and in the recycling and papermaking processes). The remainder of that
released by breakage could remain on the product, be vaporized, or removed from

the stream in various other ways. - )

This line of reasoning leads to the conclusion that most of the
PCBs in paper products and wastepaper is still encapsulated. Discussions with
paper industry representatives have supported this view, especially discussions on
the camparison of analytical results between procedures in which the microballoon
walls have and have not been definitely destroyed. PCB levels resulting from
destructimofthemiaos;he:e‘f;llswithalmmﬁcpcmssﬁmhydrmddesoluﬁm
are much higher than those obtained using conventicnal extraction procedures.
However, this could be grossly misleading since the same treatment is necessary to
separate the individual fibers to release for analysis PCBs (in whatever state)
trapped within the mat.

The actual proportion in paper products and effluents of PCBs in
intact microballoons is not known and could be ascertained only with difficulty.
One of the items of future work proposed by the Institute of Paper Chemistry in
arece.ntreport(lz)istodeteminetheanmmtandeffectofPCBspresentinpro—
ducts and effluents within intact microballoons.

3.3 PCB losses from the Pulp and Paper Industry

3.3.1 Wastewater

The PCBs content of microballoons in plant effluents can be
removed by solids removal; similarly, PCBs sorbed onto suspended solids in the
effluent can likewise be removed. Solubilized PCBs, either in true solution or
present in or on very small particulates, will be very difficult to remove from
effluents.

The partition coefficient for PCBs between cellulose and water is
not expected to be anywhere near as large as those between lipids or carbon (for
example) and water, based on the relatively slight accumlation in woody plants

O
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and scanty general information available on this subject. Unpublished data
obtained fram the Institute of Paper Chemistry concerning a series of experiments
in which one per cent fiber slurries in water were doped with PCBs (up to 100 ppb),
shaken and allowed to settle, ard then filtered and analyzed, indicated partition
coefficients ranging fram 800 to 1700. These values are not sufficiently high to

- allow removal of dissolved PCBs with suspended solids in mill wastewaters as
described below.

At a partition coefficient for PCBs between cellulose and water
- of 500, and a suspended solids content of two gm/liter, about cne-half of the
"free" PCBs would be expected to be adsorbed onto the fiber. Bowever, recent
industry experience has indicated that removal of over 90 percent of the suspended
solids from the wastewaters will also remove over 90 percent of the PCBs, with
resulting BCB concentraticns in the range of 0.1 ppb to several ppb, well below
the reported solubility level of Aroclor 1242. In the absence of other infor-
maticn, this appears to indicate that relatively little of the PCBs in the waste-
water is present as dissolved PCBs.

Three altemative explanations for the above appear to be
possible:
(1) The partition coefficient between water and the solids present is
very much greater than a few hundred;

(2) lost of the PCBs present are encapsulated in microballoons and
are thus removed in this fom along with the other solids; or

(3) Organic solids added to or present in wastewater treatment systems
serve to separate the PCBs from the water.

Altematives (2) and (3), or a combination of these, app.iar to
be more likely than altemative (1). In all paper mill wastewater treatment
systems of which we are aware, polymeric flocculation aids are added in primary
treatment and/or the water is subjected to activated sludge secondary treatment.
It is well-known that biological sludges exhibit a strong affinity for PCBs and,
although the sorptive activity of the polymeric agents for PCB relative to water
(and cellulose) is not known, it may be surmised that these agents are better
scavengers of PCBs than cellulose. However, alternative (2) (most PCBs still
encapsulated) remains a strong possibility until proven otherwise.
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- .. The PCB levels in raw wastes from recycling plants vary widely
mta:etypmuymtherarx;eoflomlmppb‘ With current waste treatment O
practm&s,th;sxsreducedtoatypmalmgeoflessthmO.Sppbtoseveralppb,
with occasional excursicns. As a consequence of the recent experience showing PCB
ramoval concamitant with suspended solids removal, compliance with BECTCA (1977)

and BATEA (1983) should result in contimuation of the downward trend in effluent

PCB levels.

3.3.2 Vaporization losses

3.3.2.1 losses During Papemmaking _

Available information indicates that there may be

neasurablelossesofPCdemngtheramvalofmlsmrefranthepaperm )

thedrye.rsect:.mofthemadune 'nusconclusmwasreachedonthebas:.s
ofmassbalancesmdzesdmeonammberofcooperatmgmsconsmmlls

Wea.rechah.nghe.remﬂlaPCBconcentratJmmatyplcal
paper of only .1 gram per ton. Since the qualitative assessment of the vapor—-
ization loss was that it was a few percent of the PCBs present, the loss will
not pose a health hazard, nor will it have a significant effect on the con-
clusions reached in the model of the industry. O

3.3.;2.2 Iosses from Effluent Treatment Ponds

A significant amount of the treatment of papermill
effluent occurs in systems open to the atmosphere. Such choices as aerated stabiliza-
tion basins, ditch aeration, and rotating biological surfaces are designed to provide
a greater supply of atmospheric oxygen to the effluent for the purposes of lowering
BOD. At the same time an opportunity arises for PCBs to exchange across the solid-
liquid and liquid-gas interfaces. No definitive data on these processes for PCB
lossareavaJ.lable,bt.:tthe.remybemepossz.bmtyofexchangenedlatedbythe
partitioning of the PCBs in the camplex systems.

One expects same exchange based on previously published
descriptions ofapparmtlosses fram natural water systems suchas]’.akemchigan(n),
as well as demonstrated losses from 1 per cent pulp fiber/distilled water slurries

O

=34~



38
v

mexpermentscarrledmta,tthe.mstunrteofPaperCtmisuy The latter case
stmeduptoBOpercentlossesfzunsolutJmsspﬂcedtothelOOpgbccmentrat:.on.

Quantitative assessment of the evaporative losses from
actual treatment facilities will require application of field sampling techniques
for airborne BCBs which are still in the development stage.

""3.3.3 Incineration losses

Destruction of PCBs by high temperature incineration is generally
regarded as requiring a 2 to 3 second exposure to 2,000°F for "camplete" cambustion.
Shorter contact times or lower temperatures will not allow camplete elimination of
these stable compounds. Specially designed incinerators have been operated by -
Monsanto and other firms for the proper decimation of PCB-containing liquid wastes,
but typical num.c:.pal and nﬁu§trial incinerators will not destroy PCBs campletely.

"'3.3.3.1 Bark Burning

In those mills which practice barking, the bark is often
utilized as a hog fuel in mills which generate sufficient bark to use it to fire a
boiler for steam generation. Smaller producers of bark may simply incinerate it
along with unsalvageable fiber from other parts of the operation. Like the virgin
" wood, bark has a PCB content which is essentially nil and results in an extremely
tiny emission to the atm::spheré under these .conditions.
" 3.3.3.2 Sludge, Spent Liguor and Carbon Burning

On an industry-wide basis there has been a drastic decrease
in incineration of these materials. The price of fuel necessary to mix with them
has risen to the point where alternative disposal schemes cost less.

Sludge is dewatered and generally landfilled. Its PCB
content usually ranges from 4 to 25 ppm, the same range exhibited for mmicipal

treatment plants. 14 ag such, it should be subject to the same careful handling
as other PCB wastes.

~ Spent llquor of all types is be_mg :Lnternally recycled
and reflned to reduce the amount of make-up chemical requ:u:ed in the pulping stages.
More and more opportimities are being discovered for converting spent liquors into



salable by-products or for conversion to other uses inside the plant. -These
reasons have led to a great overall reduction of liquor burning throughout the

- . Charcoal burmning has been used in a few instances for
thepmductlmofcarbm But the extent is not great and one would expect
volatilization of any PCBs to have taken place prior to such an activity. As in
bark burning, actual measurements of such potential losses are not available.

3.3.4 Solid Process Waste losses

< The industry exhibits an average process loss of 2 to 5 per cent.
'matis,oiﬁxepulpenten.ngthepapermadune 2 0 5 per cent of the fiber by
weight does not get incorporated into the product paper. This amounts to 40 to
100 pounds-of solidspertmxofdprod:ct that will be incorporated into the sludge.
Mwﬂmedinttepmvimsséctim,&efwdataforpapernﬁllsludgePCch—
tent shows it to be in the same range exhibited by mmicipal treatment plant
sludges. These considerations predict that an average mill with 100 ton daily
production might landfill between 2 and 120 grams of PCBs per day (0.004 - 0.26 lbs.)

The effective mobility of -PCBs in the landfill situation is not .
well described. 'IheEPARegmnalSurvmllancergmgmerated?S samplesdescn.bo
as leachates. These were all samples where ground water was determined to have had
the opportimnity to percolate prior to sampling.

Eliminating three samples known to be directly associated with
highly contaminated industrial sites, the average value for the 72 remaining samples

is 2.8 ppb. It is only 2.8 times the 1 ppb detection limit specified in the EPA
49 CRF PT.136 standard analytical method.

Assuming that landfills are about 40 to 50 per cent paper, neither
the paper or the sludge would appear to be mobilizing large quantities of PCBs.
In fact, the leachate PCB concentration is indistinguishable from that of industrial
mtakemtersreportedbythensgmnal&mvenlance?mgrammddesmbedm

Secticn 3.1. 'mehuﬁmgofthePCBstotheﬁbermaybesnmlarmstablhty
and strength to their association with soil or sediment particles. PCB mobility
in sediments is reported to be very low. #16:17) mmig 35 thought to be due to
the availability of organic material with which PCBs preferentially associate.

O



3.3.5 PCB Concentration in Fihishéd Product

Product concentrations are referred to elsewhere. In general,
PCB levels of current products made with recycled fiber range up to one to two
parts per million. This material appears to be almost entirely due to use of
Aroclor 1242 in NCR carbonless copy paper prior to the spring of 1971. Ievels in

products appear to be consistently decreasing since the 1971-72 time frame.
3.4 Monitoring Technology

The study of PCBs within the pulp and paper industry is naturally based
on the data generated by the analytical procedure. At the present time, just as
in the analysis of natural waters for PCBs, there is no standard method for the
analyses of pulps or effluents which take into account the peculiarities of the
matrices involved. For exampld, in the analysis of pulp or paper, it is absolutely
essential to remove the PCBs from the fiber quantitatively so that eventual extraction
into an aerganic solvent such as hexane may be accamplished. Removal procedures such
as treatment with alcoholic potassium hydroxide have been used. Application of
surfactants such as Triton X-100 is also practical. Having removed the PCBs fram the
fiber, it is then necessary to make sure that both forms, the free PCB and the
encapsulated PCB from NCR carbonless copy paper, are extracted into the solvent.

There exists a definite problem with storage of samples prior to extrae-
tion and analysis. Apparently, the organic activity of the bacterial population
immobilizes PCBs in slimes deposited on container walls and fiber. An attempt to
control such losses has been to add formaldehyde to the samples, killing all biotic
activity. This has proven successful in lake and stream wate.rs.(ls)

EPA researchers recommend that the extraction step be performed on a vortex
mixer in the original container. This is to give the solvent the maximum opportunity
to react with any of the analyte bound to the container walls. It also will assist
in reducing volatilization losses already shown to be potentially large by the
Institute of Paper Chemistry.'? similarly, it has been recommended that all

transfers of material during the pre-analysis manipulations be kept to an absolute
mininm.



Limited intercalibrations have shown the drastic effects on precision

and accuracy which the small differences in sample handling and storage can have.
Gne IPC study showed 3 laboratories reporting 21.5 ppb, 102 ppb and 180 ppb on a O
split effluent sample. But while other samples showed as large percentage
differences, there was no regularity in the laboratories reporting high or low on
a given sample. 'IPC and others are working in the vicinity of a 0.1 ppb detection
limit in effluent samples. Most of these intercalibrations took place at concentra-
tions far above the detection limits so noise in the'analysis is small compared to

© . Quantitation of the chromatogram is a difficult process for the camplex,
multi-peaked plots given by PCBs. Paper mill effluents often show interfering
peaks caused by non~PCB materials. Recourse to mass spectroscopy analysis is some-
times necessary to separate these interferents. Same removal is accamplished by
sample axidation with chromium €rioxide, but many peaks can remain and a qualitative
assessment of the chromatogram by a trained person must be employed. The possibility
of mis-identification is real, but the altemative use of the GC-mass spectrometer
is often too expensive to be considered for routine use.

The contimiing decline in PCB concentrations in effluent, ‘sludge and
product will require a continuing improvement in detection limits and sample t.reat—@
ment techniques.,

A detailed treatment of analytical techniques for PCBs in paper products
and paper mill effluents is presented in Reference (12).

s O
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4.0 QOST DEVELOPMENT OF PCB REMOVAL FROM PAPER RECYCLING MIIL
EFFIUENT STREAMS

4.1  Background

The major apparent cause of PCBs in this industry is the use,
until 1972, of Aroclor 1242 in carbonless copy paper. A significant por-
tion of this paper has gone through at least cne recycle resulting in the
PCB contamination of the effluents emanating from these facilities.

Three major types of paper recycling mills currently exist
in the U.S. They are:

(1) Mills producing paper products with deinking process;

(2) Mills producing paperboard fram wastepaper; and

(3) Non-integrated mills producing tissue paper from

A nurber of mills in the paper recycling industry are so-called
caplex mills, i.e., mills which produce multiple paper grades. The basis
wsed for classifying camplex mills is the product and process which account
for the largest daily production capacity. Table 4-1 sumarizes the
distribution and the production of the paper recycling industry in the U.S.

The general process used in the paper recycling industry is
pulping and deinking (only for deink mills), pulp washing, bleaching (not
for paperboard mills), screening and cleaning, and papermaking. PCBs can
be released from the recycled paper in any or all of the above process
steps. The water usage of a deinking plant is large and can amount to 65
percent of the total usage of the entire mill. Water used in pulp washing
is generally done in a counterflow system which allows maximum potential for
water reuse. Sanme characteristics of the effluent streams are shown in
Table 4-2. Data on the PCBs level in the effluent streams for this industry
are discussed in Section 3.3.

Technologies for the removal of PCBs fram industrial waste-
waters were evaluated and described in a previous report.u'g) Carbon
adsorption in conjunction with pretreatment (equalization and multimedia
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TABIE 4-1

SIMMARY OF DISTRIBUTION AND PRODUCTION
OF THE PAPER RECYCLING INDUSTRY!

No. of Anmnual
Category Plants in U.S. U.S. Production
kkg (tan) Ax

1. Deink 17 1,000,000 (1,100,000)
2. Paperboard fraom 165 6,900,000 (7,600,000)

wastepaper
3. Non-integrated Not Available’ Not Available’

tissue papers

from wastepaper

without deinking

'Source - EPA reports 440/1-76/047-a and 440/1-74/025-a
’Average of 4 plants

Annual Average
Plant Production

kkg (ton) /yx.
58,800 (64,600)

41,800 (45,900)

11,680 (12,800)%

SThere are a total of 72 non—integrated tissue mills in the U.S. with total
capacity of 6,300 kkg/day (6,900 tons/day). No information was obtained as

to how many plants actually recycle wastepaper
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TABLE 4-2

EFFLUENT CHARACTERISTICS OF THE
PAPER RECYCLING PIANTS!

Category Effluent Flow Rate
1,000 1/kkg of product (1,000 gal/ton)

1. Deink range,  55.5 (13.3) - 93.0 (22.3)
average, 74.0 (17.8)
2, Paperboard fram range, 5.0 (L.2) - 68.4 (16.4)
wastepaper average, 30.0 (7.2)
3. Non-integrated range,  27.9 (6.7) - 79.2 (19.2)
%mﬁaﬁe% average, 53.6

!Source - EPA reparts 440/1-76/047-a and 440/1-74/025-a.

[BoD], mg/l  [TSS], mg/l
40 - 197 45 - 141
92 97
9 - 82 40 - 83
46 164
146 - 411 Not available
279 Not available

g
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tion basin at an unknown concentration and leave it at 200 pgb, and that f£iltra-
tion will reduce the PCBs lewel to S50 ppb. Subsequent terminal treatment O
systems, i.e., carbon adsorption will reduce this PCBs concentration

to 1 peb or less. Plants which already have treatment for suspended :

solids and discharge less than 50 ppb of PCBs in their effluent streams

may install the carbon absorption system only.

4.3 Cost References and Rationale

-~ ° The basic assumptions and rationale employed in developing the
wastewater treatment costs in the paper recycling industry for PCB
removal can be summarized as follows:

(1) Costs are developed for "representative plants" rather
than any actual plant. "Representative plants" are
defined to hawve a size, age, and wastewater flow
agreed upon by a substantial portion of the manu-
facturers in this category. In the absence of such
information, the arithmetic average of production
size and wastewater flow for all plants is used.
It should be noted that the unit costs to treat O
wastes at any given plant may be considerably .
"hicgher or lower than the representative plant
because of individual circunstances. Extra-
polation of these costs to the entire industry
would very likely be wmrealistic.

(2) The costs for the end-of-pipe treatment for PCBs
are assumed to be essentially proportional to the
voluetric flow rate of the wastewater. The treat-
ment costs developed in the previcus report(m)
o PCB- reidval ife reassenbled and presented | . _

in Figures 4-1 and 4-2.
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(3)

(4)

(5)

4.4

. )’P N o

Very limited amounts of information are available
fram this industry concerning the PCB concentration
in the efflvent and the kinds of treatment presently
employed. Therefare, the estimated total annual

cost -for PCB wastewater treatment of a representative
plant is based cn the "worst case" conditions. It
was assured that "representative plants" employed no
terminal treatment for PCBs removal and practiced no
segregation of wastewaters containing PCBs from other
in-process use waters.

Costs are developed separately for the pretreatment
(equalization artd multimedia filtration) and the

carbon adsorption treatment of PCBs.

The capital cost is based on 8 percent interest over .
a period of ten years. If the supply of waste paper

with substantial PCB content stops before the ten-

year period is up, the capital recovery cost will

increase substantially.

Cost Development

Three major categories are identified within the paper-

recycling industxry (see Section 4.1). The costs of wastewater treatment
are developed for each individual category. Costs for pretreatment and
carbon adsorption for each category are shown in Tables 4:3 through

4.5. - The capital costs, operating and maintenance costs (exclud.i.ng

- —— - aw — —— . i e . —

power) , andpowercostsaretakend:s.rectlyfzunm.cures 4-land4-2 i
at given wastewater flow rates. Throughout the analysis represented by

e e —— e —

Tables 4-3 _through 4-5, annual capital recovery costs were calculated
based upon a ten-year lifetime and an 8 percent interest rate, consistent

with the earlier reference,

(19) The capital recovery factor was thus

estimated to be 0.15. 2All cost estimates contained in this report are

based on 1976 dollars.
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TABLE 4-3
QOST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY Deink Paper Manufacture
PLANT SIZE: 58,800 Metric tons of product/year

FLOW: 8,210 1/min (2,170 GPM)
Treatment Costs, Dollars
Terminal Treatment via Total
Type of Cost Pretreatment Carbon Adsorption Treatment System

Invested Capital Costs:

Total 4,600,000 860,000* 5,460,000

Annual Capital Recovery 690,000 129,000 819,000
Operating and Maintenance Costs: _

Annual O&M (excluding power 78,000 250,000 328,000

and energy)

Annual Energy and Power 58,000 17,000 75,000
Total Annual Costs 826,000 396,000 1,222,000
Cost/Metric Ton of Product $14.11 $6.78 $20,89

*Actual costing on a specific mill showed that this amount could be raised by 275% in an
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'TABLE 4-4

QOST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY : Paperboard fram Wastepaper
PLANT SIZE: 41,800 Metric tons of product/year

FLOW: 2400 1/min (630 GPM)

Type of Cost

Invested Capital Costs:

Total
Annual Capital Recovery

Operating and Maintenance Costs:

Annual O&M (excluding power
and energy)

Annual Energy and Power
Total Annual Costs
Qost/Metric Ton of Product

Treatment Costs, Dollars
Terminal Treatment via

Total

Pretreatment Carbonn Adsorption Treatment System
1,500,000 260,000 1,760,000.
225,000 39,000 264,000
32,000 100,000 132,000
16,000 5,000 21,000
273,000 144,000 417,000
$6.50 $3.43 $9.93
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TABIE 4~5

OOST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEQORY : Non-integrated Tissue Paper fram Wastepaper
PIANT SIZE: 11,680 Metric tons of product/year

FLIOW: 1,200 1/min (310 GPM)
Treatment Costs, Dollars
Terminal Treatment via Total
Type of Cost Pretredtment Carbon Adsorption Treatment System

Invested Capital Costs: )

Total S 860,000 140,000 1,000,000

Annual Capital Recovery 129,000 21,000 150,000
Operating and Maintenance Costs:

Annual O&M (exclhuding power 19,000 60,000 79,000

and energy)

Annual Energy and Power 8,000 2,600 "~ 10,600
Total Annual Costs 156,000 . 83,600 239,600
Cost/Metric Ton of Product : $13.36 $7.16 $20.52



A sumary of cost estimates for PCB removal at different in-
) _put B Tevels i8 given in Table 456, A Sumiary SF total capital invest-_

ment cost information for PCBs from paper recycling mill effluent is given
-in Table 4-7. Based Upon the information contained in this table, this __
industry, as a whole, would have to invest wp to an estimated maximm of
$366,700,000 to achieve a PCB limitation of 1 ppb in their wastewaters.
There is also an anticipated $94,120,000 of amnual treatment cost for the

ment cost of PCB removal. The estimated annual treatment costs correspond
to a three to five percent increase in the selling prices of products from
this industry.

Depending on the amount of pretreatment required to decrease
the suspended solids to a point where fouling of the charcoal beds could be
avoided, costs could escalate severely. Such would be the case for efflyents

fraom deinking operations where fines loading can be heavy and particle sizes
Quite small,
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TAELE 4-6

{

SIMMARY OF ESTIMATED CARBON ADSORPTION
TREATMENT OOST AT DIFFERENT INPUT PCB LEVELS

Estimated Ammual Carbon Adsorption Costs

(PCB mpué ~* $/kg of PCB Removed ($/1b)
50 1,870(850) 2,330(1,060) 2,730(1,240)
40 2,350(1,070) 2,930(1,330) 3,430(1,560)
30 3,160(1,430) 3,940(1,800) 4,610(2,090)
20 4,820(2,156) 6,020(2,730) 7,030(3,190)
10 10,200(4,620) 12,700¢5,770) 14,800(6,740)
5 ) 22,900 (10,400) 28,600(13,000)_ 33,400(15,200)

~52=




TARLE 4-7

SUMARY OF CAPITAL INVESTMENT CF PCB
REMOVAL FROM PAPER RECYCLING INDUSTRY

Total Capital Investment
in:

Industry,! Dollars

Pretreatment Carbon Adsorption Total

Deink © 78,200,000
Paperboard fram 247,500,000
wastepaper
Nen-integrated 17,200,000
tisswue paper fram :
wastepaper without “«
deink
Total 342,900,000

14,600,000 92,800,000
6,440,000 253,900,000

2,800,000 20,000,000

* 23,800,000 366,700,000

lassume all plants in each category have production rates similar to

the representative plants.



Categary
Deink
Paperboard from

wastepaper
Non-integrated

tissue paper fram
wastepaper without
deinking

TABIE 4-8

SUMMARY QOF QOSTS OF PCBs REMOVAL
FROM PAPER RECYCLING INDUSTRY

Annual Cost as Total"

Total Present percent of . Annual Cost
Annual Costs - Selling Price Selling in Industry

($/kkg of product) - ($/kkg of produot) - = Price - ($/yx)
20.89 440 - 550" 3.8 - 4.7 20,900,000
9.93 - 220 - 330% 3.0 - 4.5 68,500,000
20.52 Not available? Not available? 4,720,000%
Total 94,120,000

'Personal commmnication between C.V. Fang & Mr, Zamzag - Bergstram Paper Co.

personal communication between C.V, Fong & Mrs. Pell - Montveil Paper Co. -
Not available at the present time. Potlatch Corp. will forward this information in the future.
“Total annual cost is cbtained fram multiplying total annual production by annual unit cost.
SAssure 10% of the total U.S. tissue production is attributed to this category.
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5.0 PDIELGFPCBSDNOLVDGENTIN'EEHJIPAMDPAPERDMJSTRY
5.1 Purpose and Cbjectives of Model Develmt
AltlmghitisgenerallyagreedthatthemajorinpatofPCBsintothe
paperir@stryhasbeen’thmmhmcydingofbﬂcarbmlesscopyéaper (and this
view is strongly supported by evidence presented previously in this report),
there are a number of guestions concerning PCBs in this industry which have not
been answered: '

Q) Bow long will PCBs fram NCR paper continue to cause
significant product levels of PCBs?

(2) How long will paper mill effluents contimue to exhibit
PCB levels of significance?

(3) what are the chances for "hot spots" of PCB levels in
products and effluents due to locally high concentrations
of NCR paper in recycled fiber?

(4) Are PCB levels in intake water significant at present in
caparison to levels fraom NCR paper, with regard to
product and effluent levels?

The purpose of developing and exercising a model of PCBs involvement
in the paper industry was to obtain the best available answers to the above
qQuestions. By necessity, the model takes a simplistic material balance form;
the major limitation of the utility and accuracy of the results obtained arises
from the almost camplete lack of data on process stream BCB levels and the extremely
limited set of data concerning effluent and product concentrations of PCBs.
However, the model does appear to be consistent with available information and
does predict the PCB concentrations in various paper products and in the effluent
water fram paper processing plants in terms of the amount of input PCB accepted

The effluent prediction is based on a constant distribution factor be-
tween the product and the effluent. Data available on sludge, effluent and pro-
ducts place this distribution coefficient in the vicinity of 1:1000, effluent
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to product. The actual PCB concentration in the effluent entering the receiving
stream will reflect the treatment process at a given site,” With a more rigorous
approach to the distribution coefficient, one would be able to narrow the limits
of predictability considerably. We have aimed at the center of the array in order
to maintain a tie to "average™ conditions.

At all times it is realized that the model is only a general cne; no
attempt has been made to apply it to a particular mill. A simple mass balance
calculation with known PCB inputs, water flows and production cutputs would be a
straightforward task for a given site.

The model does show that a mill which accepts NCR carbonless copy or
converter scrap, has poor suspended solids removal and has a high PCB level in
its intake water might be capable of producing a high PCB effluent as a local
"hot spot”. Present values for recycled wastepaper'®) indicate this likeli- = 7
hood to be continually decreasing. However, the expected frequency or severity
of hot spots cannot be fully addressed because of lack of data.

5.2 First Grder Model of Paper Industry

5.2.1 Assumpticns O
The model is based upon the following assumptions:

1) The two primary sources of PCB to the paper industry
are:

a) NCR carbonless copy paper made between 1957 and
1971 and its associated converter scrap at 3.4%
PCBs by weight; and

b) 'The PCh.load of the intake waters, taken to
average 0.l ppb.

2) A secondary source is PCBs already existing in recycled
paper due to la and lb above.

3) The routes of PCBs out of the paper industry are limited
to:
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4)

5)

6)

a) Product

b) Effluent

c) Sludge and other solid wastes (or process loss)
d) Evaporation

Most of the PCBs in the paper industry remain associated
with the fiber, either as product or as sludge. This
appears to be due to the presence of PCBs in microspheres
used in the NCR paper plus the low solubility of PCBs in
aqueocus solution and its preferential association with
surfaces and organic rich interfaces. In same cases PCBs
found in industrial effluents are almost quantitatively
associate(d with the suspended solids.

Evaporative losses of PCB will depend to a great deal on
the integrity of the capsular form. Industry experts have
been quite unanimous in their agreement that capsular
breakage would be small. The evaporative losses intimated
by same of the mass balances attempted at the Institute of
Paper Chemistry are very small campared to the amounts of
PCB moving through the systems. As a result, we have
chosen to neglect evaporative losses in the treatment of
the model since any assessment would be fragmentary at best.

Contributions of PCB by inks cr adhesives are negligible
and not considered to be large enough to affect even a
locate distribution. Based on the estimation presented

in Section 3.1, the upper bound of PCBs into paper products
cther than the NCR paper appears to be on the order of
50,000 to 100,000 pourds, much less than one percent of
the total PCBs usage in the NCR paper during the same

time frame. Thus, non-NCR PCBs should be negligible with
regard to the model.

-57-



7) PriortolSS7,wtmt«:Rc§rbonlesscopypaperwasintm-
duced, the PCB content of paper products would have been
controlled by the PCBs carried with the intake water. The O
effluent would have been cleaned by the passage of PCBs
fram the water to the fiber during the pulping and paper
making process. Total transfer for a typical process would
have produced a paper with a PCB concentration of 0.02 ppm.
Based on this consideration, and the realization that pre-
sent day detection limits for PCB in paper are in the
vicinity of 0.1 pmm, the model has been exercised neglecting
the intake water contribution.

8) The two routes for PCB return on XCR paper are:

a) Aspa’x:toftherecyclingwastepaperstreamin
"mixed"™ or deinked grades of paper stock.

b] As converter scrap purchased by mills that use
it as fumish (raw material).
Other assumptions or specific decisions made in developing the
model will be indicated at the point where the information is used or the O
equation described.
| 5.2.2 Model Structure

The first order model is an overview of the industry as a whole.

Mass balance considerations are utilized to develop a "one-box" representation.
Such a treatment avoids the camplexity of the actual recycling web, and applies
the limited data on PCB concentrations of waters, product and sludge to produce
a first lock at the time rate of change of PCB levels in average product as a
result of the growth and eventual cessation of NCR carbonless copy paper in the
recycled waste stream. This admittedly simple approach serves as a foundation
upon which to further divide the industry, as well as providing a qualitative
validation of many of the accepted descriptions of PCB occurrence within the
industry.




FigumS—lstnvsasdzafﬁficrepresentationoftlmfirstorder
paper industry model, where:
E(t) - evaporative losses of PCB. These losses are yet to be assessed cn
: an industry wide scale, but early indications are that they are
not dramatic. 2Any such losses would have the effect of lowering

product, effluent and sludge PCB concentrations, but would not
change the relationship between these.

v(t)

input of virgin wood pulp. Virgin wood has been found to be
relatively free of PCBs, but may pick up same fram the water used
inthé.pulpingstages.

intake water. Ca:sus Bureau data for total water usage are relied
on. The typical intake water PCB concentration is taken to be 0.1
peb. This value is probably an upper bound on a natural water
and nonetheless turns out to have only a small effect on PCB con-
centrations found in the paper industry.

W, (&)

s(t)

sludge output. This is the andmt of process loss going to sludge.
It is inferred that sludge cutput is proportional to the production
rateandhasthesamedoncentrationofPCBsastheproduct.

R(t)

amount of paper stock being recycled. The average lifetime of paper
Froducts is taken to be 1 year before recycling. Hence the concentra-
tion of PCBs in the paper stock is assumed to be that of the previous
year's product. '

Wout (8] - effluent water. It is generally held that PCBs in the effluent are
strongly associated with the suspended solids. In the present case
the effluent can be considered what might typically remain after
primary treatment, removal of settleable solids and same suspended
solids. How much removal occurs in an actual mill will depend on
the type and amount of treatment available. It has been assumed
herethattheeffluentPCBconcentrationisproportionalto-thepro-
duct concentration. The constant of proportionality would depend
on the treatment system efficiency for solids removal. But in
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any case, the effluent concentration predicted by the model gives
an idea of the PCB which might escape into the envirorment with-
out further consideration and treatment.

P(t) - anmual production of the industry.

N(£) - PCBs introduced to the paper industry as a result of NCR carbon-
less copy converter scrap and recycled used sheets. While NCR
production figures for carbonless copy paper and its PCB content
are known, the amount recycled fram office and other commercial
institutions or fram converting operations can cnly be guessed
at. Converter scrap varies between 10 and 15% (15% was the figure
used in an A.D. Little Paper Industry study) for printing and
writing grades(zin However, much of this scrap was recycled
in-plant, back into NCR carbonless forms - this amount could not be
estimated by personnel at Mead (the manufacturers for NCR). Shade
Information Systems, Inc., a converter of carbonless and a supplier
of post-consumer office waste, in testimony before the Department
of Natural Resources in Wisconsin, estimated that 10% of all office
waste is presently recycled, that of this recycled paper, 10% came
fran old files and 90% from yearly usage, and that the average life-
time for files is three yea.rs.(n)

According to Mr. Ed Nastar of the Intemational Business Forms
Association, the major uses for carbonless paper are in invoices and
custamer statements with tax forms using a lesser amount. If one
extends the Shade estimates to include commercial establishments like
stores with offices then one can use the same estimates for carbon-
less paper: 10% of each years production is eventually recovered with
90% of that recovered caming from the previous year and the other 10%
coming from old files with a three year half life. These estimates
are used in the model. (To show the sensitivity of the model to the |
NCR recovery rate a 20% figure will be presented). Table 5-1 shows
NCR production from 1957-1971. '
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Table $-1
PCB Used in Carbonless Copy- Paper

PCB in NCR Paper Manufactured

Year (0" Pounds) -
1957 58.7
1958 ' 77.9
1959 101.9
1960 114.9
1961 164.3
1962 195.3
1963 228.1
1964 270.5
1965 - .348.9
1966 424.6
1967 435.5
1968 580.1
1962 627.8
1970 661.1
1971 126.6
1972 0
1973 0
1974 0
1975 0



Since the amount of old NCR carbanless recycled into the in-
dustry can only be estimated and few measurements on other than recycled box-
board exist by which to validate the figures, the exact levels ‘predicted by the
model should be regarded with caution. Nonetheless, the model does reflect the
trends and dynamics of PCB involvement in the industry.

The PCB mass balance equation for the First Order Model is

written:
R(t)Cp(e-1) N (t) W,  (E)Qw, () =
P(t)Cp(t)+5 () Cp (L)W, (E) O, ()
where:
Cp(t) = PCBs concentration in product for year t.
o = PCBs concentration in input water (taken to be 0.1 ppb)
chut(t) £ PCBs concentration in effluent = A Cp(t) where A is a

constant dependent on the level of suspended solids.

InEPAdata(l' p. 84) ﬂuesuspendeésolidsaresknwnéorangefmeOOpgnin
non-deinked paper mills to 1700 prm in deinking effluents. Considering that the
best available technology is not uniformly used now or in the past, 1000 pmm is
assumed for a suspended solids load, andmemdelisexercisedwithxatmlm.
Fram John Strange Paper Co. data a A of —i-was obtained while Ft. Howard informa-

L 1.1, 1.2 1000
tion indicated A at 160G to 1000 °

and: S(t), the sludge cutput is taken to be proporticnal to P(t). That is:
S(t) = £(t), where £ is the proporticnality constant.

A value of 4.5% was chosen for £, based on previously reported data for
process losses.(z,z)

Rewriting the previous equation,

- — -3
R(t)Cp(t-1) + N(t) + 10 ”win(t) = Cp(t) [q_._gzs P(t) + 10 *W_, (t)]
1-E A
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As a simplistic first exercise - assume A = 0, i.e., all PCB is
retained by the product. Let the N(t] assume three cases:

O

AI - 10% recovery
AII = 15% recovery (10% recycle + 5% converter scrap)
AIII - 25% recovery (20% recycle + 5% canverter scrap)

Figure 5~2 shows the PCB concentration in the product for these three different

recovery rates. The NCR production is also plotted as a reference to show the
roll-off of the curves.

Immediately cbvicus is the direct and quantitative relation
between the NCR recovery and PCBs in the product. Product levels rapidly fall

below the 1 prm level by 1973 er 1974, so that input water concentrations (win(t))
appear to be completely daminated by the NCR contribution.

mrtherinsightisgainedifthedataofAn(lS%recovery)am
plotted again with R(t) = zero; that is, if there was no recycling of product back
into the paper stock input. Figure 5-3 shows the result of this exercise. For the
overall industry under these conditions, 15% NCR recovery appears to be responsibl
for about 83% of the PCB in the product. However, if broken down further, specifi@
segments of the industry which utilize a large proportion of wastepaper in their
furnish would be expected to exhibit a larger dependence on the PCBs recycling to
the paper stock input.

The effect of process loss to sludge is easily demonstrated in a
tabular format. Table 5~2 shows the 15% NCR recovery data now allowing R(t) to
operate (i.e., recycling to paper stock) and A values of 0 (plotted in Figure 5-2),
107%, and 2 x 10 °. According to the data on Table 5-2, a A of 10 ° (ratio of
PCBs level in effluent to TSS level in effluent) decreases the PCBs levels in the
product by only about ten percent from those at zero PCBs in the effluent (A = 0).
A further reduction of six to ten per cent in product PCB levels results from
application of A = 2 x 10 ., As further internal reuse schemes for white water
proliferate a contimiing decrease would be expected in both suspended solids and
A. All peripheral factors point to a continuing association of the majority of
PCBs introduced into the system with the product.
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Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Table 5-2

PCB Concentration in Prodncﬁ‘ﬂggnl

=0

0.48
1.58
2.15
2.66
3.20
3.96
4.58
5.04
5.68
6.76
7.69
.8.08
2.18
10.20
8.03
2.83
0.86
0.45
0.33

x=10" 3

0.43
1.41
1.93
2.39
2.88
3.58
4.15
4.59
5.28
6.21
7.04
7.42
8.46
9.40
7.40
2.61
0.80
0.42
0.30

—57=

Jed0”?

0.39
1.27
1.75
2.16
2.62
3.26
3.79
4.20
4.85
5.72
6.49
6.86
7.85
8.72
6.86
2.43
0.74
0.39
0.28



This general overall look at PCBs demonstrated the following:

al A 1970-71 peak in product PCB concentrations corresponding O
to maximum PCB usage in NCR paper plus a cne-year or less
delay in reaching maximm PCB lewvels in the recycling stream.

bl With the cessation of NCR production the drop off in pro-
duct PCB was rapid. Different specific industry segments
wauld show a different drop off rate (this is investi-
gated with the second order model).

c) Using reascmable choices for the adjustable constants,
the major source of PCB is the NCR carbonless paper's
direct input to the industry. Further recycling of
paper cantaminated by recycled NCR input has a relatively
small effect on the concentration cbserved in the paper
product.

d) It is difficult to assess the quantitative effects of
such industry responses to the PCBs problem as elimina-
tion of deinking grades as furnish for food board. There
is no doubt that within a specific segment of the in-
dustry such activity was beneficial. In the overview
of the first order model, however, these effects cannot
be separated ocut. The model as developed exhibits an
overwhelming response to the NCR carbonless recovery
rate which would imundate any analysis of a finer internal
structure.

5.3 Second Order Model of Paper Industry

5.3.1 Industry Categorization for Second Order Model

The ocbvious industry categorization useful to a more detailed
industry analysis is paperboard; paper; and construction paper and board. The
latter segment includes portions which use 100% recycled paper stock (construction
.paper) and others which use little, if any, recycled paper stock (construction
board) and can be further subdivided on this basis. Figure 5-4 shows schematically

O
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the five categories selected and the flows of products returning to these industry
segments in recycled waste streams as well as other inputs, products, and dis- O
charges. Figure 5-4 is thus essentially a schematic diagram of the second order
model. 2Anmual production data from 1957 through 1974 for each of the five
industry segments are presented on Table 5-3.

Segment I, paper, has a product ocutput approximately equal to
the sum of segments II, III, and IV. This should be remembered when cne assesses
the total load of PCB associated with the production of a given segment. The
load will be PCB concentration times the output.

Segment IT, carbination boxboard and chipboard, is based on a
raw material which is 100% recycled. Historical PCB data (back to 1971) exists
for carbination boxboard. Almost all of the deinked paper stock (ledger grades)
went into box production prior to 1971; also, most of the mixed grades and pulp
substitutes went into box production. As a result, most NCR paper entering the
general area of paperboard would probably wind up associated witn cambination
boxboard and chipboard. Chipboard is included since sufficient data were avail-
able on this category, (%) But chipboard is less than 10% of this segment's
total cutput. O

Segment IIT contains those items which are primarily made fram
virgin wood or recycled product from Segment IIT.

Segment V, construction board, uses all virgin wood and is not
recycled.

Segment IV is a camposite segment, the carponents of which have
the following characteristics:

a) 2ll use a high percentage of mixed waste which could
contain NCR sheets.

b) Many products are used in building applications which
precludes their entry into the recycled waste stream.

c) The tube, can and drum component is not likely to be

recycled, though it has an open usage different than




Table 5-3
Anmual Production for Industry Segments (10° tons)

Combination v
Boxboard Construction
I & III Papers and

Year Paper Chipboard Containerboard Others
1957 13.6 3.9 - 8.9 2.7
1958 - 13.5 4.0 8.8 2.8
1959 15.0 4,2 9.8 . 3.1
1960 15.4 4.2 10.3 2.8
1961 15.7 4.3 10.9 3.0
1962 16.5 <4.3 11.6 3.1
1963 17.3 4.4 12.2 3.2
1964 18.2 4.5 13.4 3.4
1965 19,2 4.7 14.4 3.5
1966 20.7 5.0 15.9 3.3
1967 20.9 4.1 16.5 3.1
1968 22.4 4.4 18.4 3.5
1969 23.6 4.3 20.0 3.5
1970 23.6 4.1 19.7 3.5
1971 23.8 3.8 20.3 4.0
1972 25.4 3.9 22.4 4.3
1973 26.5 4.0 23.3 4.3
1974 26.9 3.5 22.2 , 4.2



5.3.2 Egquations

The: same definitions of mathematical temms hold for the second O
order model as for the first order model (see Sec. 5.2.2), applied on a segment-
by-segment basis. In addition, the second order model uses superscripts to
denote association with a particular industry segment., Other symbols used are:

Cv(l)(t) = PCB concentration of virgin wood in industry segment 1.
Ce(ll (t) = PCB concentration in aqueous solution of effluent.from segment 1.
- The following are based on our assumptions:

L al -~ Q) o~ (3) _ ~ (4) _ A (5 -
Cp &) =c el =c ) =c ) =c (k) =0

c. @

= (2) = ©)] - (4) = (S) =

EM ) =@y 22Clw) =W ) =B (1) 2 0
and,

@) = (2) O
Cooout ®=Ac (t)

Y o= (3)
: (v)= A3 o (t)

C
cwout
cmt

, where A's are constants.
@ gza, c W

Gz, ¢ O o

Since newsprint contains little if any PCB,
ey =0
N ) =0

Prior to 1957, :

@) = 2 =0 Q) = 4) =
Cp £l = S (&) = S (t) Cp ) =&

Gliy) =0

After 1957 ane has these 5 unknowns, and the following 5 equations:




ar 8 el 0mM e, M e-nv0.0mM g, g-11+.25:% &) 1]

- [PV e+ sP ey 4 agr @ (t)]cpa) ()

lwout

@ N9+ [o.lsn(21 ®e, ) (¢-1)+0.20r2) (t1c, Qo)
0.40r®! (thpG) e-11+0.25R @ ) (01]

- [P(ZI )+ @ () +A2W°ut(2) (t) ] cp(z’ (t)

(This holds until 1971 at which time the paperboard segment greatly decreased their
usage of recycled paper. ThuS, the coefficient of 0.20 for the paper portion of
the paper stock input is taken to be zero for years after 1971.)

3
o [R¥we,® ] = [ @@ g, ® @] ¢, @

@ n®@+fo.3sr® @) e, ™ e-n+0.40r® (01¢, P e-1) 40,251 (o (o]

= [p® wr+s@

4) 4
4Wout (t)] Cp )(t)

61 0=[p® @B @ng, S @], w

Swout
F;

Notes:

(a) From equation (5) Cp(5) (t) = 0 for all (t).

(b) From equation (3) cpm (t) = 0 for all (t).

(c) All A's are fram .00l to .002. This allows us to ignore A terms since they
are so mwch smaller than the P(t) and S(t) temms.
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Substitution yields:
From equation (1) O

From equation (2)

‘ (2) 1) ), _ (2) =|p(2) (2) 1. (2)
N (1:)4-[0.20Cp (t:—l)+0.].SCp (-t l)] R™ (t) —[P (t)+s (t)J Cp (t)
(The 0.20 constant drops to 0 after 1971 as noted above)

Fram equation (4)
N (140,354 (e1c, B &1 = [ (t)4s@ (t)]cp("" (e)

Bguations (3) and (5) are negligible, based on Notes (a) and (b) above.

5.3.3 Quantitation and Exercise of the 2nd Qrder Model . O

Mclenahan's study of 1969-1970 paper stock usage was used as the
basis for quantitating themde.‘l..'(23) This extensive study accounted for over 90%
of the wastepaper stock usage. It also tabulated the paper stock by type and
associated that with its end use. A number of other studies have since been based
on these figures; utilization of these data thus keeps the model on a samewhat
parallel footing for camparison with the other studies.

The second order model is a good deal more camplex than its
‘predecessor in Section 5.2. To explore the effects of recycling on specific
segments of the industry it was necessary to subdivide the industry into identifi-
able sectors. This necessitated developing a reasonable set of criteria for
routing the recycled paper between these sectors.

>



The following additional assumptions were made: |

1)
2)

3)

4)

5)

6)

7)

8)

Paper products produced cne year are considered to be recycled the next.

'ﬁmepaperstockpercentagesofvafious inputs were taken to be constant
over the period 1957 to 1974, except in the cambination boxboard and chip-
board category after 1970. 1In this category, industry reaction to PCB in
food packaging and the eventual FDA 10 ppm limit is reflected.

Each segment's percentage of the overall paper stock usage is constant
fram 1957 to 1974 using the 1969 percentage. The model is quite in-
sensitive to changes in this parameter.

Recycled newsprint is considered to be PCB free. Newsprint is produced
primarily fram virgin fiber, and the only paper stock used in newsprint
is other newsprint. Consequently, no PCB fram NCR paper should be intro-
duced into this segment. Measurements by Hazleton Laboratories in 1972
confirm low background values of PCBs in newsprint. )

Since newsprint is only a small percentage of paper ocutput it was not set
aside as a separate category. However, newsprint is a sizeable fraction
of the recycled waste stream and here it was accounted for separately.

Containerboard uses very little paper stock, and what it does use is old |
cantainers or container clippings. (This excludes gypsumboard, chipboard,
and recycled tube, can and drum segments). We therefore approximated
paper stock in this subcategory to be 100% container. This implies that

centration as the product. The process loss estimates are those previously
published for 1970.(22) :

Bureau of Census data was used to cbtain values for total paper stock
recycled.

The model is very sensitive to the total amount of NCR carbonless copy paper
recycled into the industry, and to its distribution within the industry. Un-
certainties in these affect the details of the model, but not the general
trends.



9) Virgin wood contains negligible PCB.
10) PCB concentration of input waters is taken to be 0.1 ppb. Q

11) Evaporative losses are not considered for the reasons given for the first
order model exercise in Section 5.2.

12) The "mixed" category of waste paper includes #1 and #2 mixed, super mixed,
baxboard clippings and mill wrappers. The amounts of each going into “mixed"
in 1969 was investigated by other workers. ?%"23) pager stock dealers inter-
viewed indicated that "mixed" paper was usually office waste with the follow-
ing approximate composition:

Chosen for

Range (%) Model
Old Corrugated Cartons < 0-15 10
Newsprint 10-25 20
High-Grade Printing & Writing 60-90 70

13) The loss of PCBs in solution in effluent waters is assumed to be negligible
campared to PCBs associated with the suspended solids.

The model is exercised for two distribution schemes for NCR paper as follows: Q

a) The NCR received in a given year is assumed to be 5% of the converter scrap
from that year's production and 10% of the post consumer wastepaper. Of the
post consumer waste 9/10 came from the previous production year and 1/10 came
from years prior to that.

(A three year half-life with exponential decay is postulated for the post
consumer waste NCR paper which is recycled more than 1 year after being
produced. This assumption is significant only after 1971.)

AllbftheS%NCRccmverterscrapisassmedtogointothepapersegnent
of the industry. The combination boxboard segment rejected it due to a
discoloration problem.

The recovered post consumer NCR was distributed according to the percentage
of printing and writing paper being recycled within each segment. 70% of



the mixed category was taken to be printing and writing paper except

within boxboard paper stock where it is estimated that 50% of the mixed
was actually boxboard clippings. About 2/3 of the deinking category is
taken to be printing and writing paper. The final breakdown of NCR in
the paper stock for each segment thus becaves:

PAPER - 5% converter scrap -
3% post consumer

OOMBINATICN BOXBOARD AND CHIPBOARD - 3.5% post consumer

OONSTRUCTION PAPER - 3.5% post consumer

After 1970 the combination boxboard segment drastically reduced the use of
ledger grade papers and same pulp substitutes. This was industry's response
to eliminate NCR fram inadvertently contaminating the foodboard grades. In
the model, the NCR entry figures for that segment are adjusted to reflect this
industry action. The NCR going into the paper segment may have increased its
percentage of NCR received as a result. Though this is not entirely clear, it
has been included in the second exercise of the model.

Figure 5-5 shows the response of the model. The rapid decrease in segment II
PCB levels after 1970 is evident. Concomitant reductions occur in segments I
and IvV. While the latter two reflect the loss of the NCR carbonless copy
paper production, the former shows cessation of PCBs usage by NCR as well as
additional reduction caused by the industry action.

A second exercise of the model, shown on Figure 5-6, is made on the assumption
that 10% of the returning NCR is sent to the paper and boxboard segments

based an the use of deinking stock. The paper segment has not used mixed
grades and boxboard officials state that their product has not used mixed grades,
although several references indicate same usage.(20'23) The second exercise is
performed with the assumption that the baxboard segment (II) does not use mixed
gralzs, cther than boxboard clippings.

10% recovery of wastepaper is calculated at 9% the year after production, and
1% thereafter based on the 3 year half-life described earlier.
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The post=1970 reduction of NCR into the combination boxboard segment is
included. The reduction in ledger grade usage by boxboard is assumed to
have been by half in 1971 and camplete stoppage thereafter. If the ledger
stream might have diverted to the paper segment upon its rejection by the
boxboard (segment IT), the effect this would have had on the paper PCB is
shown by a dotted plot from 1971 on in Figure 5-6.

Overall, we see the same general trends in both exercises
(Figures 5-5 and 5-6). The routing chosen for the returning PCB in the NCR paper
effects the details of the product concentrations, as does the relative size of
the production ocutput within each segment.

In each scenario, the primary removal of PCB containing NCR from
production allowed a return of every segment to pre-1957 PCB levels in the products
by 1974 or 1975. This trend i$ reflected in the decreases shown by available data

in Table 3-2. The decreases documented are of the same general magnitude as produced
by the model. Data on "recycled wastepaper input"(6) has reflected a drop to 0.15
pom in 1976, which is near the detection limit of the analysis for PCB in paper
products.

5.4 Discussion of Model Results O

The results cbtained fram exercising the model show clearly the over-
whelming dependence of PCB levels in both product and effluents upon the NCR paper
content of recycled fiber. According to these results, product levels of PCBs
resulting from the NCR paper should be less than cne ppm by the present time (1976)
with the possible exception of the cambination boxboard and boxboard segment, and
of course, excepting localized hot spots caused by inclusion of small amounts of
NCR paper in the fiber recovery stream. This result agrees with recent analytical
results on PCB levels in paper industry products. Product levels, effluent levels,
and frequency and severity of hot spots should continue to decline slowly as the
PCBs in paper products are diluted further with virgin and less contaminated
secondary fiber.

The ratio of PCBs concentration to TSS in the effluents had little effect
on product levels, as would be expected. Values of this ratio in the range of

O




0.001 to 0.002 appear to be consistent with available data on both effluents and
products, This result indicates that nmost of the PCBs entering the process exit
in the product and thus generally agrees with the analysis of Section 3.

The overall agreecment of the results cbtained with the model tend to
support the varicus assumptions made. 2Agreeament is reflected by compariscn with
available data on both product and effluent PCB levels. Thus, the model as pre-
sented does appear to represent a reasonable and consistent material balance for
PCBs around the paper industry. ‘

A distribution for incoming PCBs between product, effluent, and waste
treatment sludge can be calculated based on the results of the model. Using
the following values:

(1) PCBs level on,product = 1 ppm of solids

(2) PCBs on solids in wastes = 2 pam of solids

(3) 90 percent removal of solids and PCBs in wastewater treatment
(4) 135 ppm suspended solids in final effluent

(5) 0.27 pob PCBs in final effluent

(6) Zero loss throuwgh vaporization

The results cbtained are:

Plant Percentage of Incaming Weight of PCBs Level Solids
Stream PCBs Contained Therein Stream* in Stream Content
Product 75-80 1 kkg 1 pm 95-96%
Sludge 18-20 0.6 kkg 0.4 pom 20-30%
Effluent o 2-3 100 kkg 0.27 pob 135 pom

* Based on ane kkg of product.

The results cbtained indicate that an the order of 75 percent of the
PCBs entering apaperm:.llexltassoc:.atedmththeproduct The values
selected probably represent more of a "best case" situation for a recycling
plant than a typical situation within the industry. The PCBs distribution should
vary from plant to plant and from product to product, but should not be nearly so
widely variable as suspended solids or PCBs concentratians, which are known to
fluctnate widely from day to day in a given plant.



6.0 CNCLUSINS

'Exefoﬂowin;éanclusimsarebasedmtbeevidencepresenﬁedinﬁais

repart:
(1)

(2)

(3

(4)

(5)

(6)

(7)

(8)

The recycling of NCR carbonless copy paper was and still is the
anly major source of PCBs into the paper industry.

ECB levels in paper products have been decreasing since 1972 and
apparently will continue to decrease under the inflvence of o=
PCB levels in effluents fram paper mills utilizing reclaimed
fiber have been decreasing in recent years, and will continue to
decrease, due to decreased PCB levels in reclaimed fiber plus
application of wastéwater treatment technology.

P levels in sludges resulting fram wastewater treatment may
be as high as 10 - 20 prm. Disposal of such material should be
performed with care.

Application of carbon adsarption as an end-of-pipe method for
PCBs removal fram wastewater in the paper recycling industry
could increase product prices as much as three to five percent.

The proportions of PCBs present in intact microballoons in paper
products and in paper industry wastewaters are not known. General
indications are that more PCBs in the industry are encapsulated
than are "free" (released fram microballoons plus other sources).

The model generated to define PCBs involvement in the paper
industry represents a reascnable and cansistent material balance
Accarding to the model, PCB levels in products and effluents are
sensitive only to the parameters associated with recycle of NCR
carbonless copy paper containing PCBs.



(9)

(10)

The product PCB levels cbtained fram exercise of the model agree
well with available data; the results indicate a steep drop-off
following cessation of PCBs usage by NCR and a continuing, but
less steep, decrease thereafter. Current product levels are in
the cne prm range (recycled fiber).

Within the limitations and assumptions of the model, on the order

of 75 percent of the PCBs entering the papermsking process exit
associated with the products.

-83-



2.

3.-

5.

6.

7.

8.

9.

REFERENCES

Envirammental Protection Agency. Develomment Document for Interim Final O
and Proposed Effluent Limitations GQuidelines and Proposed New Source Perfor-
mance Standards for the Bleached Kraft, Groundwood, Sulfide, Soda, De-ink

and Non-Integrated Paper Mills Segment of the Pulp, Paper and d Paperboard
m:ntmm . Vols. I and II. Washington, D.C.: U.S. Govermn-
ment Printing .

Rapscn, W.H. "Pulp and Paper Technology: The Closed~Cycle Bleached Rraft
Pulp Mill." Chemical Engineering Progress (June 1976), pp. 68-71.

Todd, D.K., Editor. The Water Encyclopedia. Water Informmation Center, 1970.

Lingle, Stephen A. (U.S. Envircrmental Protection Agency), "Paper Recycling
in the United States." Waste Age, (November 1974), pp. 6-10.

Demnis, D.S. in Conference Proceedings - National Conference on Polychlor—
inated Biphenyls (November 19-21, 1975). Washington, D.C.: EPA, March 1976.

DeFries, Myron, and McKay, BEdward. "Plant Visit to Ft. Boward Paper
Copany.” (Versar Trip Report), August 9, 1976.

Luey, A.T. (Boxboard Research and Development Association). Letters to
Ms. E. Campbell (FDA), August 1974-January 1976. Concerning PCB levels in
paper intended for food packaging uses. Q

Thamas, G.H.; and Reynolds, L.M. "Polychlorinated Terphenyls in Pa
Samples." Bulletin of Environmental Contamination and Toxicology, X (1973),
pp. 37-41.

Shahied, S.I.; Stanovick, Richard P.; McIntorff, David E.; and Missaghi,
BEmil. "Determination of Polychlorinated Biphenyl (PCBs) Residues in Grades
of Pulp, Paper and Paperboard." Bulletin of Envirommental Contamination
and Toxicology, X (1972), pp. 80-96.

Pound, Charles. (Techmical Director of Connecticut Paperboard Corp.) Letter
to Bemnett Ryan, Versar Inc., conceming results of PCB tests. June 14, 1976.

Institute of Paper Chemistry. Summary of IPC Questionnaire aon Polychlori-
nated Biphenyl (Aroclor 1242) in Pulp and Paper Mill Environments. August 6,
1976.

Institute of Paper Chemistry. Polychlorinated Biphenyls in Pulp and Paper
Mills, Part I, Analytical Methodology. Project 3295, Report One, A Progress

_@1 Appleton, Wisconsin: Septemper 3, 1976.

O

-84-




13.
14.
15.
16-
17.

18.

19.

20.

21.

22.

23.

Versar Inc. PCBs in the United States: Industrial Use and Envircrmental
Distribution (NTIS Publication PB-252-012), Springfield, Va.: National
Technical Information Service, 1976.

Furo, A. Keith; Lawrence, Alonzo W.; Tong, Steven S.C.; Grandolfo, Marian C.;
Hofstader, Robert A.; Backe, Cail A.; Gutermann, Walter H.; and Lisk,

Donald J. "Multielement and Chlorinated Hydrocarbon Analysis of Municipal
Sewage Sludges of American Cities," Environmental Science and Technology,

Tucker, E.S.; Sitschgi, W.J.; and Mees, W.M. (Monsanto Co.). "Migration
of Polychlorinated Biphenyls in Soil Induced by Percolating Water."
Bulletin of Envirommental Contamination and Toxicology, XIII (1975) ’

PP. 86-93.

Achari, R.G.; Sandhee, S.S.; and Warren, W.J. "Chlorinated Hydrocarion
Residues in Ground Water." Bulletin of Envirommental Contamination and
Toxicology, XIII (1975), FP. 94-96.

Bellar, T.A.; and Lichtenberg, J.J. "Some Factors Affecting the Recovery

of Polyclﬂormated Biphenyls (PCBs) from Water and Bottom Samples," Water
Quality Parameters, ASTM STP 573, American Society for Testing and Materials,
(1975), pp. 206-219.

Bellar, T.A., and Lichtenbery, J.J. "Same Factors Affecting the Recovery
of Polychlorinated Biphenyls (PCBs) from Water and Bottom Samples." Pre-
sented at the Chemical Institute of Canada - Canada Centre for Inland

Waters, Symposium on Water Quality Parameters, Burlington, Ontario,
November 19-21, 1973.

Versar Inc. Final Report - Assessment of Wastewater Management, Treatment
Technologv. and Associated Costs for Abatement of PCBs Concentrations in
Incqustrial Effluents - Task II, Contract No. 68-01-32539. Springfield,
Va.: February 3, 1976.

Arthur D. Little, Inc. 2Analysis of Demand and Supply for Secondary Fiber in

the U.S. Paper and Paperboard Industry, Vol. I, II, III, Contract 68-01-2220.
Cambridge, MA.

Wisconsin Department of Natural Resources. Transcription of "Public Hearing
to Review and Receive Public Comment upon Proposed Administration Rules
Relating to the Discharge of Polychlorinated Biphenyls (PCBs) into the
Waters of the State." Madison, Wisconsin: August 28-29, 1975.

Franklin, William E.; Hunt, Robert G.; and Sharp, Sally T. (Midwest Research
Institute). Paper Recycling - The Art of the Possible 1970-1985. Kansas
City, Missouri: American Paper Institute, 1973.

McClenahan, W.S. "Consumption of Paper Stock by United States Mills in
1969 and 1970," Ta@i, LV (November 1972), pp. 1605-1608.

=85-






ANALYTICAL LETTERS, 10(11), 857-867 (1977)

DETERMINATION OF POLYCHLORINATED BIPHEINYLS I PAPER MILL ZFFLUEITZ
AND PROCZSS STREAMS

KEY WORDS:-

Polychlorinated biphenyls, Analytizal methods, Themical analysis,
Cellulose fibers, Effluents, Reclaimed fibers, Paper mills,
Gas chromatography, Volatilization, Stability, Storage
Dwight B. Easty and Bette A. Wabers
The Institute of Paper Chemistry

P.0. Box 1039
Appleton, Wisconsin 54911

ABSTRACT

Special techniques have been found necessary for isolating PCB's
from cellulose fiber-containing effluents and process streams and for
determining PCB's in effluents from paper mills using recycled fibver.
Sources of potential PCB loss from aquecus solutions are revealed and

means of avoiding these losses are proposed.

Significant amounts of PCB remained on cellulose fibers follow-
ing separatory funnel extraction of a fiber-water suspension with
hexane or methylene chloride-hexane. Reflux of the fibers with alco-
holic KOH was necessary to remove the remaining PCBs. PCB losses due

volatilization from aqueous solution occurred during analysis, but the
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were minimized by working in a cool environment and covering the sam-

ple with a layer of hexane. The presence of cellulose fibers in PCB-

containing effluents enhanced the effluents' stability during storage.

Chromium trioxide oxidation was found to be valuable in clean-
ing up extracts from paper mill effluents. Perchlorination is apt

to yield misleading results.
INTRODUCTION

Polychlorinated biphenyls (PCB's) are commonly determined in
industrial effluents by a method involving liquid-liquid éxtraction,
Florisil cleanup, and electron capture gas chromatography, as pre-
scrivbed by the U.S. Environmental Protection Agencyl. The utility
of this and other methods was evaluated for use on paper mill ef-

fluents and process streams within the mill.

ISOLATION OF PCB's FROM FIBER-WATER SUSPENSIONS

Known amounts of Aroclor 1242, 100 ug/l., were added to 1% sus-
pensions of cellulose fibers in water. Incomplete recoveries were
experienced when these suspensions were subjected to triple separa-
tory funnel extractions with petroleum ether, hexane, or 15% methyl-
ene chloride in hexane. Following the separatory funnel extraction,
the fibers were filtered from the sample and the residual PCB was
removed from the fibers by reflux in 2% alcoholic KOH, as is normal-
ly used for determining PCB's in paperboa.rd.2 Removal of all resid-
ual PCB by the alcoholic KOH was demonstrated by dissolving the

fivers in 72% H;S0., diluting with water, and extracting with hexane.
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Data in Table 1 resulted from a study designed to determine
vhether alcoholic KOH reflux of the fibers subsequent to separatory
funnel extraction was needed to remove PCB's from fiber-water sus-
pensions with low fiber contents. The results indicate that fibers,
even at low concentrations in the sample, retained some PCB's, and
that alcoholic KOH reflux was needed for complete PCB removal. How~
ever, in analysis of effluents containing less than 0.01% suspended
hardwood fibers, the amount of PCB retained by the fibers was small
compared with other reported sources of error in PCB determinations
(e.g., 20% relative standard deviation for chromatogram quantita-
tion3). Somevhat smaller amounts of Aroclor 1242 were retained by
softwood fivers.

Thus, it may be concluded that the EPA liquid-liquid extrac-
tion technique should be adequate for mosg effluents containing low
amounts of suspended solids and that it is inadequate for fiber-

water suspensions within the mill. Because of their high suspended

TABLE 1

Recovery of Aroclor 1242 from Hardwood Fiber Suspensions

Fiber Content, Recovery by Recovery from Total
£ Extraction, % Fibers, % Recovery, %
0.005 97.0 0.9 97.9
0.01 96.4 2.4 98.8
0.05 91.8 8.4 100.2
0.10 91.8 10.8 102.6
0.16 ' 84.2 9.0 93.2
0.k4o 80.2 15.8 96.0
0.60 80.0 15.5 95.5
0.80 80.L 15.6 96.0
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solids contents, the fiber-water suspensions require a separate

alcoholic KOH reflux to remove all of the PCB's from the fibers.

MINIMIZING PCB LOSSES DUE TO VOLATILIZATION

— e s o

Low recoveries (60-80%) of known amounts of Aroclor 1242 added
to aqueous samples were experienced in the summer. Volatilization
of PCB's from aqueous solution, as described by Mackay and WOlkoffh
and Paris, et EL.S, during analysis of the samples seemed to be a
possible explanation for the low values. Trapping of the Aroclor
1242 from the gas phase, as shown by the data in Table 2, demon-
strated that volatilization could occur from aqueous solutions and
fiver-vater suspensions. A stream of nitrogen entered through a
stopper in the top of a suction flask, impinged upon (but did not

bubble through) the sample, and exited via the side arm of the

flask into a trap containing deactivated Florisil.6

TABLE 2

Volatilization and Trapping of Aroclor 1242

Start, Remaining, Trapped,
Sample Hug Hg Hg
Aqueous solution 10 k.0 3.9
Softwood suspension 10 5.8 2.9

Conditions: One hundred ml solution or 0.5% fiber-water
suspension in 125-ml suction flask. N2 flow:
600 ml/min across surface for 2 hours at 23°C.
Trap: 0.3 g deactivated Florisil in 5 mm
glass tube.
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Losses of Aroclor 1242 from fiber-water suspensions in stirred
beakers under simulated summer and winter laboratory conditions are
shown in Table 3. A comparison of total recoveries from the open,
cool (Condition B) and open, warm (Condition D) samples suggests
that Aroclor 1242 was lost by volatilization during S minutes stir-
ring under summer conditions but not under winter conditions. It
may be speculated that PCB loss from the closed, warm beaker (Con-
dition C) occurred because the aluminum foil cover formed an imper-
fect seal or that some PCB escaped into the air space between the
foil and the solution.

These studies have provided the basis for the recommendations
listed below for minimizing PCB volatilization losses during sample
handling and analysis:

1. Minimize air space in sample container.

2. Keep glassvare, hexane, distilled water, and sample below
23°C.

TABLE 3

Effect of Temperature and Exposure on PCB Spike Recovery

1 Recovery by Recovery from Total

Conditions Extraction, % Fibers, % Recovery, %
Closed, cool (A) 88.4 1.0 99.4
Open, cool (B) 87.0 13.h 100.4
Closed, warm (C) 76.9 15.2 92.1
Open, warm (D) 73.4 12.2 85.6

1One percent hardwood suspension, 57.1 wg/l. Aroclor 1242, 5
minutes stirring with magnetic stirrer. Warm = 30-32°C.
Cool = 22-23°C.
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Pour hexane into separatory funnel before introducing
sample.

Maintain layer of hexane on top of aqueous phase.
Filter fibers as soon as possible.

Avoid pulling air through fivers during filtration.
Cook fibers in alcoholic KOH promptly.

~ oW & w

Steps 1 through U should be of value in isolating PCB's from
any aqueous sample. The layer of hexane seals the air-water inter-
face from vhich volatilization can occur. Steps 5 through T are
critical if the sample contains suspended fibers from which PCB
must be extracted separately. Over half of the Aroclor 1242 has
been lost from fibers when they were permitted to air dry before

being placed in alcoholic KOH.

SAMPLE STABILITY DURING STORAGE

The need for special extraction procedures to remove PCB's from
cellulose fibers suggests that the PCB's are sorbed onto the fibers.
Table 2 shows less Aroclor 12U2 volatilization from the softwood
suspension than from the aqueous solution without fibers. Perhaps
sorption of the PCB onto the fibers protected the PCB against
volatilization. Sorption would also explain the improved stability
of Aroclor 1242 during storage of fiber-water suspensions, compared
with aqueous solutions, demonstrated in Figure 1. In that study,
the spiking level was 86 ug/l. Aroclor 1242 in river water, and the
suspensions contained 1% softwood fibers. Samples weres stored in
daylight at ambient temperature. Half of the samples contained

formaldehyde at 15 ml/l. In a separate investigation, no stability
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Stability During Storage of Water and Fiber Suspensions Containing

Aroclor 12L2.

differences were obgerved between Aroclor 1242 solutions stored for

10 days in daylight vs. in the dark.

This study did not confirm the finding of Bellar and Lichten-

berg that formaldehyde vas an effective preservative for PCB's.

7

However, an indirect benefit from adding formaldehyde to industrial

effluents and fiber suspensions has been experienced: Formaldehyde
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inhibits decomposition of non-PCB organics which degrade to liber-

ate sulfur, a common interference on PCB gas chromatograms.

REMOVAL OF INTERFERING PEAKS FROM CHROMATOGRAMS

Perchlorination

Extracts from paper mill effluents should always be cleaned up
on a Florisil column prior to gas chromatography. However, it does
not remove all interferences. It was hoped, therefore, that the
PCB's in paper mill effluents could be perchlorinated to decachloro-
biphenyl (DCB), whose long retention time would move it well away

from interfering peaks.

The perchlorination procedure used was essentially the method
of Huckins, et al .b, rodified in order to promote complete perchlori-
nation ‘vith minimized volatilizat:ion loss of Aroclor 1242. The prin-
cipal modification consisted of conéentrating the extract containing
the suspected PCB at room temperature in a culture tube by directing

a stream of nitrogen at the top of the tube.

Perchlorination was attempted on authentic effluents from recy-
cling mills as well as on distilled water containing Aroclor 1242
plus other suspected high-boiling components of recycled carbonless
copy paper (alkyl biphenyls and alkyl napthalenes). Reaction
mixtures consistently charred, and low DCB yields were obtained on
these spiked samples. Aroclor 1242 is thought to occur in paper
mill effluents because of the recycling of carbonless copy paper

made prior to mid-19T1. If pre-~19Tl carbonless copy paper (with
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PCB's) is present in a mill's raw material, newer carbonless paper
(with alkyl biphenyls, alkyl naphthalenes, or other high-boilers,
but not PCB's) is probably also present. Consequently, a mill
effluent containing PCB's would quite likely also contain the alkyl
biphenyls, alkyl naphthalenes, or other high-boiling compounds.
Because these non-PCB components of modern carbonless copy paper
reduce the DCB yield, perchlorination of paper mill effluents is

apt to give incorrect estimates of the effluents' PCB contents.

Alkyl biphenyls and naphthalenes were also subjected to
perchlorination in the absence of PCB. Reaction products were
analyzed by FID gas chromatography using temperature programming
to improve peak resolution. All samples yielded a peak with the
same retention time as DCB. Thus, effluent analysis using perchlori-
nation might incorrectly identify these originally nonchlorinated
compounds as PCB's. Consequently, perchlorination is not recommend-

ed for determining or confirming PCB's in paper mill effluents.

Mercury and Chromium Trioxide

Interferences due to sulfur may be removed with mercuryl Ar, as
an alternative, chromium trioxide oxidation9 followed by a second
Florisil cleanup, as s*-wn in Fig. 2. Recoveries of Aroclor 1242
spikes carried through the chromium trioxide treatment have been
approximately 90%. Gentle concentration of the sample extract in
the presence of acetic acid is required to prevent loss of the more

volatile Aroclor 1242 constituents.
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Pulp Mill Effluent Spiked with Aroclor 1242.
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Before CrO; Oxidstion
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F1G. 3

Effect of Chromium Trioxide Oxidation on Water Sample Containing
Interferences.
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Alkyl naphthalenes, a possible component of newer carbonless
copy paper, vere removed by the chromium trioxide oxidation, but
alkyl biphenyls were not affected. Figure 3 shows the result of
using the chromium trioxide oxidation on an extract whose original

chromatogram contained large unidentified interferences.
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